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Abst  ract 


This  rsport  covers  the  major  areas  of  tictlvity  during  the  first  three 
months  of  a  program  of  research  on  dissemination  of  solid  and  liquid  BW 
agents.  Tha  objective  toward  which  the  lesearch'is  direeted  la  the  develop¬ 
ment  of  weapon  systems  for  the  disaeminution  of  these  agents  as  a  line 
source  from  high  speed  low-flying  aircraft. 

The  problems  of  feeding  and  handling  of  flnelyvlivlded  col  Id.  agentr, 
n.ae-.dl  Bcussed  along  with  app.licatlons  of  feeding  devlcet  toutn  as  feed¬ 

ers,  piston  feeders  and  pneumatic  feedera. 

ProgTsaa^n  preparing  for  wind  tunnel  experiments  on  dt  a  semi  nation  and 
deagglotioration  le  deserthed  amt  tihe  soaBideTat'ienn  in  the  design  of  a  ape- 

clal  test  section  for  these  experlmBRte,ars  dlooeflsog...  A  deaiilptiuij  ufran 

ur«-<n  AjJtJ  ' 

Isokinstlc  sampling  probe  far  me-'ln  the  deugj^rtwi’ettsn  eaps^disenta.  <B 

d-neiedWU 

^Progress  an  a  study  of  tlw  characteristics  of  finely  divided  inuterlul.c 
Is  presented.  This  work  includes  literature  ^arch,  Iheoititicul  analyse-' 

and  experiments^^ 

r  .  .  d 

I  design  study  wlilcli  hu.i  luiuii  initiated  uti  nn  extenu*!  alrrr'aft  store 
for  liquid  agent  dlBoeinl nation, in  rt-tT;L’uinitjAT  ^nvl Iml nuiy  fiiidltiKu  ol'  an 
ojjSratioiittl  analysis  to  determine  optimum  debign  Cltnv  rules  for  cv't-, lal 

I 

agents  are  presented  nnd  a  ciiismary  given  of  iitudien  reintijig  to  ^,1*1.1  fir 
aircraft  store  design  problems. 
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I.  imHoDucnow 


2B1  m  m  won' 

tUAUW.  K55*  POSSrai®  HBSBlODUCIIMi 

IQQg  (USt  aHRiPiSDD 


This  Flrot  ftttart«rly  Beport  pTeeents  progress  on  Contract  No. 
M-10«O64-GHI«-S7i*^5  lAich  covers  a  seven-month  initial  phase  of  a  program  of 
research  on  the  dissealnation  of  solid  and  liquid  SV  agents.  Ceneral  Mills 
luo.  is  the  prims -contractor  for  the  program  and  North  American  Aviation  Inc, 
is  participating  as  a  suhcontractor,  in  the  field  of  liquid  agent  dissemina¬ 
tion. 


The  ultimate  objective  toward  which  thla  research  la  dlrectad  is  to 
provide  weapon  syeteraa  for  dissemination  of  both  solid  and  liquid  BW  agenL* 
as  a  line  sourca  frcn  high  speed  low-flying  manned  and  unmanned  aircraft. 
These  weapon  systems  will  employ  external  dlaaemliiatiiig  stores^  designed  to 
be  compatible  with  a  variety  of  aircraft  types,  having  speed  capabilities 
above  0.70  Mach  Number  at  low  altitude. 

Prior  to  the  current  program,  the  field  of  solid  agent  (ilsaemliiatlon 
had  received  less  teclinloal  effort  than  that  cf  liquid  agent  dlasemlnuiion 
and  was  therefore  in  a  considerably  less  advanced  state.  For  this  reasou, 
the  types  of  Invostlgatlonc  which  are  currently  being  coixlucted  in  the  two 
fields  are  somewhat  different. 

Relative  to  solid  agent  dissemination,  the  major  prubletn  aieas  curicnny 
being  studied  are  feeding  and  l',andllng  of  the  agent,  cliumcterlzutlon  of 
finely  divided  solid  materlolo,  and  deagglomcrution  into  tlie  inquired  j«n' 
tide  size  range.  The  structural  and  aerodynamic  ijrohlema  aysociated  wi  t.li 
the  application  of  external  stores  are  also  involved  in  aM  areas  of  the 
study. 
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In  th«  fi*ld  of  liquid  agent  dlasemination^  &  design  study  has  been 

initiated  to  provide  criteria  for  design  of  a  research  prototype  disseminator 

% 

store.  Ihls  study  includes  sn  operational  analysis  to  develop  floy  rate  re- 

t 

qulreaents,  as  well  as  work  on  mare  detailed  problems  of  external  store' 
design. 

filseUBsions  of  the  studies  performed  during  this  first  quarter  are 
presented  in  the  following  sections  of  tl:e  report. 
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ZI.  SEEDING  AND  HANDLING  OP  FINELY  DIVIDED  DRY  MATERIAIS 

Tha  function  of  tho  fe«41ng  system  In  the  aircraft  external  store  under 
oonaideration  is  to  deliver  the  dry  agent  material  from  the  storage  section 
of  the  unit  to  the  deaggi cawrating  seotion  at  a  uniform  and  adequate  flov 
rate.  The  flov  rates  currently  under  consideration  range  up  to  30  pounds 
per  minute.  It  nust  perfoia  this  function  safely,  reliably  and  without  ex' 
cesalVB  power  consuqitlon.  The  feeding  system  must  deliver  the  agent  In  a 
condition  which  is  compatible  with  the  characteristics  of  the  deagglcnerat- 
Ing  section.  In  the  handling  of  the  agent  In  the  feeding  system,  losses  in 
viability  must  be  minimized. 

It  la  also  desirable  that  the  feeding  system  be  as  nearly  universal  as 
possible  with  regard  to  tlw  range  of  agent  properties  which  are  acceptable 
in  Its  operation.  This  is  brougiit  about  by  fact  that  several  factors 

t 

will  influence  the  final  selection  of  an  agent  for  a  given  misBlon. 

Ai  Geopwtrlcal  Considerations  . 

Because  of  the  several  limitations  on  the  configuration  of  extemeil 
stores  of  this  type  brought  about  by  aerodynamic  considerations  os  vail  as 
the  aircraft  dimensions,  the  shape  of  the  storage  volume  from  which  the 
feeding  system  will  draw  the  agent  la  quite  well  established.  This  storage 
volume  can  be  assumed  to  be  a  horizontal,  elongated  volume,  which  could  be 
a  circular  cylinder  or  an  axially  sjOTmetrlc  body  of  revolution  with  variable 
radius.  The  two  g»vjsrttl  possibilities  are  sketched  In  Figures  1  and  2. 

These  shapes  eeeh  offer  certain  advantages  and  disadvantages,  so  that  a 
clear  cut  choice  Is  not  Indicated  without  consideration  of  all  aspects  of 
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SKETCH  lUJUSTEATITIG  CnjNDRICAl  STOBAOE  VOU*« 


'Fewer 
Generataon 


•  FIGURE  2  aeneration 

SKETCIi  ILLUSTRATIK3  STORAGE  SECTIOli  WHICH  IS  All 
AXIALLY  symmetrical  90DY  OF  BEVOUTnOB  WITH 
VARIABIE  RADIUS. 


raor;  cops-  puRsiaa© 


tho  atorsfe  and  feeding  proble*».  The  cylindrical  shape  offers  the  advantaj^ss 
of  sli^llflad  menufacture  and  computibl  ii ty  with  feedjr.£s  systems  which  require 
constant  dlaaeteri  such  aa  pistons  or  rotating  helical  configurational  Tne 
storage  vcliine  ahape  of  Figure  2  could  provide  aomewhat  greater  storai^  vol- 
II—  for  ecpial  drag  (or  reduced  drag  for  equal  volume)  but  hae  the  diaadvon- 
tagea  of  more  canplloated  manufacturing  and  more  restrictions  on  the 
characteristics  of  the  feeding  system. 

Tha  storage  sections  of  a  possible  family  of  dry  agent  d Isseiblnatlng 
stores  which  la  currently  envisioned  will  be  copable  of  containing  large  puy- 
looda.  Although  the  effect  of  the  aspect  ratio,  ,^/d,  and  agent  bulk  densltj" 
on  the  required  dimensions  are  obvious,  Figure  3  is  presented  to  conveniently 
sunmarlze  the  range  of  dimensions  which  la  anticipated,  It  will  be  seen 
that  many  of  the  cases  of  intei'est  require  storage  section  diameters  between 
1.5  and  2.0  feet. 

The  geometrical  coiislderatlono  discusued  obove  focus  attention  on  the 
fact  that  the  successful  feeding  system  wJ  11  he  required  to  trfujc.lato  large 
masses  of  material  over  horlsontal  dlotauueH  of  several  feet.  In  sevetu.i  of 
the  potential  solutions  conslderwd,  the  feeding  mechanisms  will  hove  dltne/i- 
slonc  comparable  to  those  shown  tn  Figure  3.  Careful  consideration  must 
therefoiie  be  given  to  such  proWemu  as  utructurftl  weiQl)t,  potential  fahriru" 
tion  problems,  rigidity,  dimcnsinnul  control  fuid  rellnbliity. 


n.  Power  and  Energy  ConBiderationi, 

The  results  of  preliminary  studies  of  the  power  and  eneiTO'  requirements 
for  aeveral  feeding  concepts.  Including  pneumatic,  mechanical  screw  feedlriK 
systetRs  and  piston  ari'angesients.  Indicate  thet  many  of  the  potential  aolalluin. 
will  have  roasonable  power  rsqulreroents  when  considered  in  llgJit  of ,  the,  powe r 
available  from  roin-air  turbine  generators. 
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As  ui  exaapXet  aonaldov  the  case  of  a  piston  which  translates  a  cuib 
pacted  sliig  of  material  honzontolly.  Tl.e  basic  power  .requirement  is  simply; 

Fewer  a  P  x  A  x  U  (1) 

Where  F  is  the  pressiire  required  to  tianslate  the  piston, 

A  la  the  piston  area  and 
U  la  the  velocity  of  translation 

Using  a  typical  dimenalon  from  Figure  3,  with  a  piston  diameter  of  I.")  feet 
and  a  velocity  of  0.7  faet  per  minute,  Equation  (l)  indicates  the  ex'^jendtlure 
of  1.0  XV  of  powej:  would  (neftlecting  ionaoc)  produce  a  pressuie  of  approxi¬ 
mately  250  pai .  'I'hla  pleasure  is  believed  to  be  much  higjiei'  than  would  be 
applicable  in  a  system  of  this  type,  indicating  that  the  power  consumption 
of  this  type  of  feeding  system  will  be  below  one  kilowatt.  Calculations 
relative  to  screw  feeders  and  pneumatic  systems  yield  even  lower  power  levelu. 

Ram  air  turbines  are  capable  of  providing  several  kilowatt;;  of  powsj , 
and  are  therefore  considered  to  be  an  adequate  source  of  p.wci.  Typical 
fonnanca  characteristics  are  given  in  Figure  It  oliould  bt  pointed  out  that 
significant  losses  In  the  ej«rgy  oonversl on  syotemn  are  anticipated,  but  I  nodo 
sxe  not  expected  to  create  any  excessive  Tequliement  I'or  power. 

A  much  more  Impcrtant  coneidertitlon  is  tlie  structural  maos  a-jiiocluteiJ 
with  the  mschanlsme  for  energy  conversion  and  f,inul  delivery  to  tiie  fesdinc 
nyiitem.  Several  of  the  feeding  coiicepto  (including  ntrew  feeders,  pitton.u, 
otirrlng  devices)  involve  mechanisms  liuvlng  relatively  low  Lruiitii.nl,iori(ii  ;>j 
rotational  velocities.  If  these  laechanlcraa  are  to  deliver  power  ut  nigu]  I'i  ■ 
cant  levels,  hlgii  1‘orceti  ttnd/or  high  torques  will  be  involved.  Thecu 
nento  will  fiava  coiiuldernble  mass  and  mu;it  be  co.nsidered  in  <irii.iii  ir  evujua- 
tion  of  any  potential  feeiilng  aystem. 
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FIGUI®  1*.  TlV0-flLAJ3ED  WINE-INCFF  RAM  Ain  TUIIBIIE  ESTIMA'ITiD 
DRAG  CICARACTERl STICS  (WADES  Aim  IITO  OIFLY) 


Source : 

AIReMHrch  Manufacturing  Division,  iiie  Oortetii  Corporation 
Los  Aneelss  4^,  California 
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C.^  Feeding  ayatea  Concepts  ,  ^  • 

# 

Since  the  beginning  of  thla  study^  aaversl  potential  feeding  systams 
have  been  exealned  In  ll^t  of  the  leijulreiaonta  and  geometrical  llaiitatlons 
dlaeueaed  above.  Several  of  tbeae  axe  d^BCuaaod  briefly  bolaw: 

1.  Sciew  P— ding  Syatena 

Screw  feeding  ayatena  of  aeveml  conflguratlona  ore  under  stuly. 
Fielimlnary  caleulationa  ahow  that  these  devices  are  compatible  with  the 
laaae  flow  ratea  xecmlzed.  A  desii^bla  feature  of  theae  aystema  is  the  vari¬ 
able  feed  rate  which  can  be  achieved  by  variation  of  th^rotational  apeed> 

Potentially  slgniflcent  problena  exiat  which  are  broadly>  (1)  obtaining 
proper  flow  of  a  material  to  the  acrew  fron  the  storage  aeotlon  and  (2)  pro* 
vlding  proper  deelgn  to  eliminate  rotation  of  the  materiel  in  the  screw  as  a 
solid  slug/  with  unsatlsfeotory  delivery  resulting. 

One  conflguretlon  which  is  of  considerable  interest  is  skstcbed.  in 

s 

Figure  which  shows  a  large  acrew  feeding  ayatem  which  occupies  the  entire 
agent  etorege  container.  Preliminary  celeulatlone  of  the  structural  require¬ 
ments  indicate  that  a  neohanisn  of  this  type  is  fasaible.  In  the  case  of  a 
cylindrical  agent  storage  volume  the  screw  could  be  of  constant  diameter. 

If  this  principle  was  used  in  a  storage  volume  of  the  type  illustrated  in 
Figure  2,  a  variable  diameter,  variable  pitch  assembly  would  be  required. 

The  attractive  characteristic  of  the  large  screw  feeder  is  that  all  of 
the  agent  la  initially  atored  in  the  screw,  eliminating  tlw  problem  of  ob¬ 
taining  flow  to  the  scrav.  The  structural  problems  are  significant,  due  to 
the  large  dimensions,  and  the  problem  of  flexibility  of  the  outer  and  inner 
structures  must  be  carefully  considered. 
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SoxBw  feedarft  aze  ganerally  operated  with  the  solid  na^rial  occupying 
poly  part  of  the  eross-aactionsl  area.  In  lndu!ktrial  praeticej  li^t  fne- 
flovlag  materials  conventionally  may  occupy  up  to  4^^  of  the  cross-sectional 
area.  This  restriction,  if  imposefl  on  the  external  store  would  he  quite  eerl- 

I  * 

Oita.  Eowever,  the  rotational  speed  la  a  significant  variable  in  this  con¬ 
sideration.  The  low  rotational  speeds  which  would  apply  to  the  design  In 
quastlon  are  believed  to  he  favorable  to  operation  with  larger  quantities  of 
material .  , 

The  possibility  that  the  feed  rate  would  not  be  uniform  as  the  quantity 
of  contained  material  decreases  could  probably  be  handled  by  prograamlng  the 
speed  of  rotation  during  the  diaseminstion  period. 

The  dlBcuaslon  to  this  point  has  assumed  a  solid  screw  configuration. 

A  posslbla  alternate  solution  is  found  In  the  "ribbon"  feeder,  in  which  the 
feeding  screen  is  open  at  the  center.  It  appears  that  this  device  would 
also  be  compatible  with  the  concept  illustrated  in  Figure  5.  Possible  ad¬ 
vantages  are  leduesd  structural  weight  and  complexity  and  reduction  of  the 
problem  of  residual  material  adhering  to  the  surfaces  of  the  screw.  The 
ribbon  design  Is  less  positive  In  its  action  and  the  material  could  aaally 
move  horlaoatally  through  the  storage  section  during  operation.  It  is 
believed  that  a  aystem  of  this  type  should  be  arranged  'for  variation  of  the 
rotational  speed  to  provide  the  daalrad  feed  rate. 

The  application  of  amaller  screw  feeding  systems  Is  also  being  consi¬ 
dered.  A  sXetch  of  one  such  concept  is  shown  in  Figure  6.  In  this  particular 

1.  Hudson,  V.Q,,  Conveyors  and  related  equipment.  Third  Edition,  John  Wiley 
and  Son,  Nw  York,  195A  (a)  p.  Ik,  (b)  p.  I90. 
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SKETCH  ILUraTRAKHO  APPLICATION  OF  lARCE  SCREW  niEDEH 


FIGURE  6 

CROSS  SECTIONAL  VIEW  OF  APPUGATIOW 
or  SMALL  SCREW  FEEDER 
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approach  the  naterlaX  is  delivered  to  the  deagglomerating  section  by  a  small 
acrw  which  receives  material  from  the  storage  section  by  gravity  flow,  A 
syeten  of  rotating  rods  Is  utilized  to  preclude  bridging  of  the  material. 
Inclined  planes  are  provided  near  the  screw  to  reduce  the  rssidual  natarial. 
The  ainlmum  angle  with  the  horizontal  la  a  function  of  the  agent  character¬ 
istics,  but  provision  for  an  adequately  steep  angle  does  not  appear  difficult. 
If  flow  of  the  material  along  this  slide  presents  a  significant  problem,  the 
"Airsllde"  concept  (Reference  lb)  might  be  applied.  In  this  system  the  slides 
are  porous  and  air  or  gas  flows  through  the  surface  from  below.  This  permits 
the  use  of  lower  angles  of  inclination.  The  total  power  requirements  for 
operating  an  alralide,  the  stirring  rods  and  the  screw  feeder  are  expected 
to  be  well  below  one  kilowatt.  These  and  other  concepts  for  application  of 
screw  feeding  systems  will  receive  continued  study  in  tl»  future. 

2.  Piston  Feeding  Systems 

Platon  feeding  systems  have  been  successfully  twed  by  Fort  Detrick 
Personnel  in  the  dry  fill,  IfVAR  Rocket  Fixture.  In  this  device,  the  piston 
exerts  a  pressure  directly  on  the  fill  material  which  is  also  In  contact 
with  the  cylinder  walls,  and  tronslntes  it  to  a  hi^  3j«ed  rotary  deagglo- 
msratlon  device.  '  . 

A  possible  problem  In  utilizing  this  principle  in  very  large  aircraft 
stores  containing  500  to  1500  pounds  of  agent  is  that  the  pressures  agnln.'it 
tlie  piston  and  cylinder  may  exceed  desirable  levels  due  to  high  ferces  de¬ 
veloping  against  the  valla .  Here  again,  the  structural  aspects  are  belieVed 
to  be  a  much  mors  significant  consideration  than  the  power  requirement  ns 
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such.  It  w«8  pointed  out  earlier  that  expenditure  of  1  kilowatt  of  power, 
with  a  piaton  of  I.5  ft  diameter,  moving  at  0*7  feet  per  minute  could  pro¬ 
duce  a  pressure  of  230  psl. 

Z»nx  and  Othmer®  refer  to  the  existence  of  a  maxiauo  length-to-diaaaeter 
ratio  for  a  slug  of  natorial  in  a  piston.  This  ratio  is  related  to  the  in¬ 
ternal  angle  of  friction,  <Z  ,  as  follows; 

tan  O:  =■  £/d 

Sena  experimental  evidence  Is  reported^  which  Indicates  that,  at  higher 
values  of  i/d  the  slug  of  material  will  lock,  so  that  the  plug  cannot  be 
moved,  even  with  very  high  pressures  on  the  piston. 

Sufficient  Inforaatlon  on  the  angle  of  Internal  friction  of  potential 
agent  nvaterlala  is  not  available  to  permit  deteiminatlon  of  the  effect  of  this 
locking  tendency  on  feeding  system  design.  It  ia  also  likely  that  the  fric¬ 
tion  coefficient  of  the  wall  is  an  important  variable.  The  use  of  low 
friction  materials  on  the  cylinder  wall  could  bring  about  an  important  im¬ 
provement. 

Cons ide rati one  of  the  type  outlined  above  suggest  that  a  piston  feeding 
system  might  bo  enhanced  by  encasing  the  agent  material  In  a  thin  shell  whlcli, 
when  supported  by  the  cylinder  could  improve  the  structurol  integrity  of  the 
slug  and  groatly  reduce  the  piston  pressure  required.  A  Teflon  coating  on 
the  surfaces  would  provide  a  low  friction  coefficient.  fJowden^  reports  a 
friction  coefficient  of  0.04  for  T'eflon  sliding  on  Teflon  and  a  value  of  0.10 
for  steel  sliding  on  Teflon.  The  required  piston  forces  w^ld  be  extremely 
omall  under  these  conditions .  ' 

2.  Zenz,  F.A.  and  D.  F.  Othmer,  Fluidization  and  fluid-particle  systems, 

Seirihold,  Hew  York,  I56O,  p.  77, 

3.  Bowden,  F.P.  and  D.  Tabor,  The  friction  and  lubrication  of  solids, 

Oxford,  1954,  p.  I65. 
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There  aie,  of  course,  manjr  probXens  associated  with  this  concept;  one 
of  the  Boat  difficult  appears  to  he  the  '’stripping  off"  of  this  outer  shell 
as  the  slug  of  aaterlal  Is  advanced  toward  the  deagglcnerator. 

Vs  are  currently  studying  various  possibilities  for  accomplishing  this 
removal  of  the  casing,  with  partlciLlar  regard  to  the  potential  reliability. 

The  piston-type  feeder  Is  very  well  suited  to  handling  compacted  ma¬ 
terial.  In  fact,  in  Ita  Bimpleat  form,  without  on  external  casing,  a  cer¬ 
tain  degree  of  compaction  may  be  required  so  that  the  entire  slug  is 
advanced  aa  the  piston  moves.  A  material  of  low  bulk  density  will  be  com¬ 
pressed  during  the  initial  travel,  so  that  the  feed  rate  would  be  far  from 
linear. 

The  benefits  in  reduction  of  the  dimensions  of  the  store  due  to  compac¬ 
tion  are  Illustrated  by  Figure  3. 

3.  Pneumatic  Feeding  Systems 

Several  applications  of  pneumatic  systems  are  discussed  by  Weller^. 
A  rather  complete  coverage  is  also  given  by  Zanz  ud  Othmer^.  Reference  5 
also  presents  an  extensive  bibliography  on  pneumatic  conveying  systems. 

It  id  important  to  make  a  clear  distinction  between  the  problem  of  uti¬ 
lizing  pneumatic  energy  to  feed  solid  materials  out  of  a  .bulk  storage  area 
into  a  conveying  duct  and  the  separate  problem  of  transporting  the  two-phass 
mixture  through  the  duct.  A  large  part  of  the  lltemtui'c  deals  with  the 
second  problem  which  Is  considered  to  be  minor  In  our  application  compared 
with  the  first  problem  of  obtaining  a  controllable  flow  nut  of  a  bulk  storage 
volume.  In  many  of  the  conventional  conveying  systems  actual  feeding  is 
V.  Weller,  L.C. ,  Automation,  Vol.  5,  No.  7,  Jan.  I958,  p.  69. 

3.  Zenz,  F.A.  and  0.  F.  Othoer,  Fluidization  and  fluid  particle  systems, 
Belahold,  New  York,  i960,  pp.  •il3-3?0. 
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done  by  non-pneuraatlc  methods,  such  aa  screw  feeders  or  gravity  feeders.  We 
wish  to  consider  here  the  use  of  pneueatlc  means  In  feeding. 

a.  Feeding  Concepts.  -  The  two  general  classes  of  systems  that 
are  apparent  are  (1)  those  in  which  the  solids  are  thoroughly  mixed  with  air 
stream  so  that  any  mass  of  air  leaving  the  system  will  carry  with  it  a  given 
mass  of  solids  and  (2)  those  in  which  the  alrstrean  is  so  confined  as  to 
create  sufficiently  high  surface  velocities  across  a  free  powder  surface 
(otheiwiae  unmixed  with  air)  to  entrain  a  significant  concentration  of  sol¬ 
ids.  These  two  olasaea  are  llluatrated  In  Figure  7  and  Figure  6. 

The  general  principle  illustrated  in  Figure  7  was  applied  by  General 
Mlllc,  Inc.  In  particle  disaeralnatlng  external  stores.^  In  this  case  the 
source  of  pressurized  air  was  ram  air  at  a  pressure  differential  of  approxl- 
mately  one-half  atmosphere  above  the  ambient  static  pressure.  In  applying 
this  principle  to  the  currently  considered  dissemination  problem,  the  signi¬ 
ficant  problems  appear  to  be  (l)  the  device  would  be  lira! ted  to  handling 

% 

non-compacted  materials  and  (2)  the  use  of  ram  air  as  a  working  fluid  migjit 
be  undesirable  under  high  atmospheric  humidity  condltioris.  Further  cohsi- 
daratlon  of  the  selection  of  a  motive  gas  will  be  presented  In  a  following 
section. 

The  ffsneral  principle  illustrated  in  Figure  H  does  not  involve  pro- 
lon^d  contact  of  the  agent  with  the  air  and  therefore  is  considered  to  be 
Bonewhat  less  likely  to  bring  about  doleterloua  effects  due  to  the  tempera- 
tuit!  or  humidity,  if  nun  air  Is  used.  This  concept  has  a  potentially  strong 
6.  General  Hills  fieport  Ko.  1720  (Secret)  35  Jiuie,  4957* 
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Dispersed  Solids  Field 
In  Suppenston  By 
Mechanical  Mixing 


FIGUItS  7.  PNEUMATIC  PHEDIKO  SYSTEM  IN  WllICl) 

HIE  SOLIDS  ARE  ITIIFORMLY  MIXED  WITH  CAS. 


Gas  & 

Solid  Outlet 
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disa&vantage  In  that  proper  placement  of  the  moveable  entrainment  device  nay 
he  difficult  as  the  level  of  agent  decreases.  Concalvahly;  multiple  en¬ 
trainment  heads  could  he  used  to  improve  this  situation. 

h.  Selection  of  the  Motive  Qaa.  -  As  previously  stated  ram  air 
has  been  t;tsed  as  a  motive  gas  in  particle  disseminating  stores.  Its  availa¬ 
bility  and  low  drag  penalty  associated  vith  its  use  are  very  attractive  fea¬ 
tures.  However,  in  systems  where  the  ram  air  Is  thoroughly  mixed  with  the 

■ 

viable  agents,  it  may  produce  sose  deleterious  effects.  The  moisture  con¬ 
tained  in  the  inlet  sir  under  high  humidity  conditions,  may  in  time  increase 
the  moisture  content  in  the  agent  material.  The  fact  that  the  air  Is  heated 
by  the  stagnation  process,  produces  elevated  temperatures  which  may  cause 
loss  of  viability,  ^gure  9  shows  the  stagnation  temperature  versus  atmos¬ 
pheric  temperature  and  flight  Mach  Number.  It  can  be  seen  that  air  tempera¬ 
tures  in  the  region  of  70^0  may  be  encountered  under  normal  conditions.  It 
should  be  pointed  out,  howevor,  that  the  mass  flow  rate  of  air  is  very  low, 
about  1^  of  bhe  solid  mass  flew  rate,  and  that  the  total  energy  represented 
in  the  heated  alrstreom  is  not  great. 

Consideration  has  been  given  to  the  drying  of  the  inccinlng  ram  air  stream 
by  solid  sdoorbents.  Although  this  measure  could  potentially  remove  the 
problem  of  inccrilng  moisture,  there  la  an  additional  temperature  rise  in¬ 
curred.  This  is  due  tothe  latent  heat  of  vaporization  of  the  water  vapor 
ond  tJie  heat  of  wotting  of  the  adsorbent.  Depending  on  the  atmospheric  hu-  v 

mldity  and  flight  speed,  this  effect  will  account  for  an  additional  tempera-  . 
turs  rise  of  approximately  10  to  30*C,  which  would  aggravate  the  heating 
problem  previously  mentioned. 
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FIGimK  9 

STAGiiATIOK  raMreR/VTUra:  vs  FUGJIT  MACH  JJUMEER 


The  above  conslderatione  pertaining  to  ram  air  suggest  that  it  may  be 
better  to  use  a  stored  gas  for  a  motive  fluid.  It  has  been  demonstrated 
that  a  gaseous  mass  flow  rate  of  approximately  of  the  solida  flow  rate  .is 
adequate  in  some  cases. 

The  storage  of  this  quantity  of  gas  In  the  compressed  foim  would  require 
a  pressure  vessel  which  would  weigh  frcxn  6  to  10  percent  of  the  agent  pay- 
load.  Storage  of  the  gas  in  a  liquified  form  would  result  in  a  considerably 
lower  mass  penalty.  For  example  a  carbon  dioxide  cylinder  for  liquid  phase 
storage  would  weigh  approximately  3^  of  the  agent  payload.  These  penalties 
do  not  appear  to  be  severe  enough  to  eliminate  this  approach  frcm  considera¬ 
tion. 

Work  is  being  continued  on  evaltiation  of  the  potential  of  pneumatic 
feeding  systems. 
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III .  PREPARATION  FOR  DISSEMINATION  AND  DEAOCLCMBRATIOW  EXIEimENTS 

Experiments  on  dlaaemlnatlcni  and  deaggloneratlon  of  finely  divided 
materials  will  be  conducted  oa  part  of  the  current  project.  During  this 
period;  detailed  considemtion  has  been  .given  to  the  special  requirements 
for  performing  this  type  of  experiment  In  a  wind  tunnel  at  Kaoh  numbers 
of  0.60  to  0.9Si  the  approach  for  the  Initial  experiments  has  been  selected 
and  several  items  of  special  apparatus  have  been  deslgneu  and  fabricated. 

A.  Discvtaslon  of  Problem  and  Description  of  Approach 

The  successful  operation  of  a  BW  dissemination  system  of  the  type 
under  consideration  requires  that  the  finely  divided  agent  materials  be 
delivered  Into  the  atmosphere  at  the  correct  rate,  deaggJonie rated  with 

a 

reasonable  efficiency  to  an  effective  particle  size  range,  transported  in 
the  atmosphere  to  the  target  area  and  arrive  with  a  satisfactory  concentra¬ 
tion  of  viable  organisms  In  particles  In  the  correct  size  range,  generally 
considered  to  be  below  5  microns  in  diojneter. 

In  the  series  of  events  which  lake  place  Ixifoie  and  after  the  material 
leaveo  the  disseminator,  there  are  .several  potential  hazards  which  may  re¬ 
duce  the  final  effectivene.'jn  and  therefore  ore  important  considerations. 

A  few  examples  are  (l)  possible  loss  of  viability  during  deagglomeration, 

(2)  loss  of  viability  during  the  atmosplierlc  transport  phase,  due  to  ultra¬ 
violet  radiation  or  humidity  conditlcuis  and  (3)  re-agglonieratlon  during 
tlie  atmosplieric  transport  phase.  Final  demonstration  of  tlie  performance 
of  such  a  system  will  therefore  require  full-scale  field  operations,  under 
a  variety  of  meteorological  conditions.  *  .  "* 
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However,  It  is  also  laportant  that  regardless  of  the  magnitude  of 
effects  of  this  type,  the  original  deagglcraeratlon  of  the  particles  must 
produce  on  aerosol  with  an  acceptable  particle  size  distribution.  For 
this  reason,  it  is  considered  vital  to  separate  the  variables  by  conducting 
experlioents  Involving  dateminatlon  of  physical  particle  size  distributions 
in  addition  to  the  biological  evaluation  technlq.uesi 

The  initial  axperlmente  to  evaluate  dissemination  and  deagglomeratlon 
concepts  will  involve  physical  particle  size  determination.  Tills  will  bo 
done  by  utilizing  a  high  velocity  Isokinetic  sampling  probe  In  the  teet 
section  of  the  aerosol  wind  tunnel.  This  probe,  which  is  discuBsed  in 
detail  In  a  later  section  of  tlie  report,  receives  the  aerosol  at  the  test 
section  velocity  and  gradually  decelerates  a  small  portion  of  the  flow  to 
a  low  velocity  wlilch  Is  acceptable  for  membrane  filter  techniques  or  Im- 
pactor  collection  techniques.  Although  the  physical  method  will  be  used 
in  the  Initial  evaluation  experiments,  the  approach  is  also  adaptable  to 
biological  techniques  by  substitution  of  a  suitable  particle  sampler  in 
the  low  velocity  section  of  the  diffuser. 

The  blow-down  wind  tunnel  ond  the  higli  velocity  sampling  system  to  be 
used  in  tlwse  ex-periments  are  briefly  discussed  in  the  two  sections  which 
follow. 

B.  Slow-Down  Wind  Tunnel 

Tlie  wind  tunnel  system  to  be  used  In  these  experiments  is  sketched  In 
Figure  10.  Air  flows  from  the  storage  receivers  to  the  test  section  through 
a  otoroge  type  heot  exchanger,  higii  efficiency  filter,  manual  control  valve 
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and  stilling  choraber.  Air  Is  supplied  to  the  storage  receivers  by  two- 

m 

stage  non-lubrlcated  reciprocating  compressors.  T)ie  heat  exchanger  permits 
control  of  the  stagnation  temperature  and  static  temperature  in  the  test 
section.  Due  to  its  high  effectiveness,  the  temperature  is  held  to  vlthln 
3%  Of  its  Initial  value  over  the  duration  of  the  blow-down  run.  .The  in¬ 
ternal  temperature  of  the  heat  exchanger  Is  controllable  so  that  experi¬ 
ments  at  various  test  section  static  temperatures  may  be  made. 

The  BiinlmuTi  test  section  dimensions  are  2.800  x  2.000  inches.  Tlie 
tunnel  is  designed  to  oi>erate  in  the  Much  number  range  of  0.60  to  0.9i)  at 
a  pressure  of  1.15  atmospheres.  Under  the  maximum  flow  conditions  the 
system  is  capable  of  n  20-Mcond  flow  duration.  The  model  disseminators 
will  discharge  into  the  air  stream  at  a  location  6  inches  from  the  inlet 
to  the  test  section.  Tl«  inlet  of  the  aerosol  sampling  probe  will  be 
placed  near  the  downctream  end  of  tJie  test,  section  which  is  31  inches 
long. 

1 .  Test  Section  Dor.ign  and  Flow  Conditions 

During  the  injection  of  large  ftg£;lonic rated  powder  particles  into 
the  wind  tunnel,  a  drag  force  cause.s  their  acceleration  and  break-up  into 
smoll  purtlc.lea.  Since  drag  is  a  strong  function  of  tlic  ctreara  velocity, 

It  la  apparent  that  this  parameter  will  be  one  of  the  more  Important  ones 
In  the  studies.  A  special  emphasis  has  been  placed  on  its  control. 

Preliminary  calculations  of  the  Mncli  number  variation  in  the  tunnel 
indicated  tliat  it  !.■;  neee.nr.nry  to  make  Ujc  vnll.s  diverge  olightly  to  pro¬ 
vide  Mach  numbers  above  0.70  at  the  injection  location.  The  resulting 
design  allows  for  a  constant  Much  number  along  the  iliii  length  of  tunnel. 
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The  ameaint  of  divergence  was  determined  by  calculating  the  boundary 
layer  displacement  thlokneas  shoved  that  a  total  divergence  of  p.2“ 
was  necessary.  Thus  the  inlet  and  exit  dlmeneionB  are  respectively,  2.SOO 
In.  X  2.600  in.  and  2.900  in.  x  2.908  in. 

A  manually  operated,  eccentric  plug-type  control  valve  is  used  to  main¬ 
tain  a  constant  stagnation  pressure  in  the  stilling  chamber.  Experience 
has  shown  that  the  pressure  can  be  held  to  within  one  percent  of  the  re¬ 
quired  stagnation  value  of  approximately  30  pal,  even  though  the  storage 
tank  pressure  varies  continuously  during  the  run  from  200  pel  to  80  psi. 

To  further  improve  the  control,  an  adjustable  conic  nozzle  was  designed 
Into  the  exit  section,  which  nets  as  a  flow  regulator.  The  Mach  niimber 
remains  constant  in  this  application.  An  adjustment  of  the  sonic  nozzle 
permits  operation  at  different  velocities. 

At  tlie  tunnel  inlet  section,  smootli  uniform  flow-  is  desirable.  To 
asBuro  that  it  is  obtained,  the  1!ACA  standard  requirements  for  nozale  flow 
metering  were  applied  by  using  the  12  ft,  long  settling  chamber  and  the 
standard  nozzle  profile  shown  in  Figure  11.  An  inlet  nozzle  having  this 
profile  has  been  fabricated  from  polyester  resin  with  glass  fiber  reinforce¬ 
ment.  By  applying  this  material  over  a  polished  mold,  a  very  smooth  sur¬ 
face  was  obtained.  Tills  teclmlque  was  used  because  of  previous  favorable 
experience  in  a  similar  application.  It  is  considerably  les.s  expen.slve 
than  machining  the  nozzle,  since  the  process  eliminatec  the  need  for 


machining  Internal  surface.?. 
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2.  Instrumentation 

It  will  be  necessary  to  obtain  such  flow  Infomation  aa  tunnel 
Mach  number,  'velocity,  mass  flow  rate,  and  Reynolds  number,  fhle  will  be 
done  by  measuring  the  stagnation  pressure  end  temperature  in  the  stilling 
chamber.  Just  upstream  of  Uie  tunnel  Inlet,  and  the  static  pressure  at  the 
Inlet.  The  following  isentropic  flow  relatlona  will  be  used  to  calculate 

the  tunnel  temperature  and  determine  such  air  properties  as  density  and 

m 

vi  scDslty : 

£a  =  (1  +  M^)  if-1 

P  2 

=  1  +  -pi  m2 


The  velocity,  mass  flow  rate,  and  Reynolds  number  will  then  be  calculated 
from  the  following  equations: 

V  M  VTir 

m  =  /OVA 


where 


n 


ed 


/OVi 

A 


pQ  -  Stagnation  pressuiie 
P  -  static  pressure 
M  -  Macli  number 
Tp  -  stagnation  tempo roture 
T  -  .static  temperature 

-  ratio  of  specific  heats 
V  -  votocity 
R  -  (jas  constant 


2<)  . 
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ra  -  mass  flow  rates 

« 

s 

A  >  cross-sectional  area 

-  density 

-  Iteynolds  number 

% 

d  -  hydraulic  diameter  of  tunnel 

f 

yU>  -  viscosity  . 

C.  High  Velocity  Sampling  Syetem 

To  connection  with  the  wind  tunnel  otudy  of  dissemination  concepts,  it 
will  be  vital  to  determine  the  particle  size  distribution  In  the  aerosol 
which  is  generated.  Since  suitable  techniques  for  sampling  at  high  sub¬ 
sonic  Mach  numbers  have  not  been  previously  developed,  a  new  sampling  probe 
has  been  designed.*  ' 

In  orde.r  to  moke  this  high  velocity  sampling  system  compatible  with 
thw  use  of  membrane  filters  as  well  as  impactors  and  impingers,  a  diffuser 
sampling  probe  has  been  designed  which  handles  only  a  small  part  of  the 
total  mass  flow  rate  in  the  tunnel.  Tlie  velocity  is  reduced  to  approxi¬ 
mately  one  percent  of  tl«  inlet  velocity  before  leaving  the  diffuser  -  In 

designing  the  probe,  three  factors  were  considered  to  be  very  Important: 

■ 

(1)  provision  for  isokinetic  Inlet  conditions,  (2)  avoidance  of  flow  .seiU- 
ratlon  and  (3)  limitation  of  the  particle  deceleration  rates. 

Figure  12  is  a  sectional  view  of  the  probe.  Tlie  internal  surface  is 
parallel  to  tlw  tunnel  axis  at  the  inlet.  The  maximuin  angle  of  divergence 
is  10  degrees,  which  Ip  considered  as  the  upjwr  limit  for  efficient  diffu¬ 
sion.  During  isokinetic  sampling,  the  mass  flow  rate  through  the  probe 
will  be  0.79  percent  of  Chat  m  the  tunnel. 

*  The  experience  gairjeel  by  General  Mills  In  developing  an  Isokinetic  aircraft 
sampling  system  under  Contract  No.  k?  15(604)-7226  has  been  applied  to  this 
design . 
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Because  of  the  aaall  Inlet  diameter  and  continuously  cuz^ing  irrt^mal 
surface  through  moat  of  the  diffuser,  a  fabrication  technique  Mas  selected 
wiilch  involved  molding  the  probe  frcm  polyester  resin,  reinforced  with 

t 

fiberglass.  This  method,  which  has  been  used  successfully  at  General  Mills 
in  a  similar  application,  employs  a  metal  mold  which  has  been  machined  to 
the  correct  contour  and  polished  to  give  the  desired  smooth  inner  surface 
finish  on  the  probe.  Figure  13  cliowe  the  probe  made  by  this  technique. 

This  probe  may  be  silver  plated  by  the  chemical  depoaltlon  method,  if  fu¬ 
ture  experiments  show  that  a  conductive  surfaca  is  required  to  preclude 
particle  collection  due  to  electrostatic  charges  on  the  plastic  surface. 

To  obtain  close  control  over  the  Inlet  conditions,  a  vane-type  vacuum 

pump  will  be  used  downstream  for  the  diffuser.  The  flow  and  pressure  charac.- 

terlotico  .of  this  pump  will  be  determined  before  it  is  used  in  these  expert- 

« 

ments.  A  pre -determined  ransB  flow  can  be  obtained  by  controlling  the  inlet 
pressure  with  a  throttling  valve  Just  up.stream  from  the  pump.  It  is  be¬ 
lieved  tliat  the  isokinetic  inlet  requirement  can  be  fulfilled  by  this 
method, 

It  is  felt  tliat  flow  oeparotlon  from  the  diffuser  wall  should  be  avoi¬ 
ded,  since  It  might  cause  a  non-uniform  particle  distribution  at  the  actual 
onjnpllng  locotlon.  Tlie  most  critical  region  is  believed  to' be  in  the  sec¬ 
tion  of  the  diffuser  where  the  Mach  number  is  above  O.5O.  Therefore,  to 
avoid  separation,  the  angle  of  divergence  in  this  area  was  made  omalL;  ap¬ 
proximately  2  degrees.  Gince  the  performance  of  tiie  probe  with  regard  to 
flow  separation  is  considered  important,  a  thorougii  ,st>idy  of  the  flow  con¬ 
ditions  througiiuut  the  piube  will  be  made  in  a  22  x  22  inch  high  nubsoriic 
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wind  tunnel,  provided  to  General  Itille  by  Fluidyne  Hnglneerins  Corporation. 
In  preparation  for  thio  vind  tunnel  work,  four  pjTessure  taps  have  been  in¬ 
stalled  in  the  dlffuuer  wall,  as  ghown  in  f*if!ure  13.  By  detenninlng  the 

precaure  recovery  for  varioua  inlet  velocities  and  mass  flow  rates,  flow 

* 

separation  can  be  detected. 

To  assure  that  a  representative  particle  sample  is  obtained  which  in¬ 
dicates  the  condition  of  the  iMirtlcles  in  the  tunnel  stream,  the  decelera¬ 
tion  In  tlie  diffuser  was  made  small  in  eomparicon  with  tlie  acceleration- on 
the  particles  dirlng  injection  Into  the  tunnel.  As  estimate  of  the  drag 
force  on  the  partlclco  showed  that  during  deceleration  it  is  less  than  5^ 
of  that  during  acceleration.  This  is  considered  email  enougli  to  meet  the 
objective . 

The  first  collection  device  to  bo  ucod  will  be  the  MlJlipore  filter. 
Tliis  method  will  provide  cucli  usei'ul  int’ormation  as  particle  distribution 
over  the  croos-sectional  ai-ea  of  the  [>robe.  Since  the  counting  process 
Involved  in  this  method  is  tedious,  it  Is  exjiected  that  a  cascade .  impactor 
technique,  which  will  give  the  necessary  resulti;  faster,  will  be  utiilr.ed 
in  later  experimentr . 
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Our  work  In  this  area  has  included  a  3eai*cli  of  the  literature, 'pre¬ 
liminary  Independent  theoretical  analysis  and  laboratory  experiments.  Each 
of  these  phases  is  discussed  below. 


i; 
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A.  Literature  Search 

The  problem  of  developing  a  general  theory  covering  the  tchavlor  of 
particulate  .'naterlal  Ic  an  extremely  complex  one  which  has  been  approached 
by  many  Investigators.  An  extensive  literature  search  was  conducted  by 
Orr  and  Dnllavalle"^  covering  the  factors  influencing  'Uie  agglomeration  and 
de agglomeration  of  solid  particles.  This  search  has  served  as  very  useful 
background  for  the  present  work. 

Two  major  subjecto  which  are  widely  discussed  In  the  literature  are 
(l)  forces  between  particles  and  (2)  flow  characteristics  of  powders.'  A 
brief  review  of  each  of  these  subjects  follows. 

t 

1 .  forces  rietveen  Rirtlcles. 

The  forces  between  molecules  contribute  strongly  to  the  charac¬ 
teristics  of  powders.  These  forces  operate  over  longer  ranges  than  chemi¬ 
cal  attractions  which  link  atoms  into  compounds,  and  are  capable  of  drawing 

7.  Orr,  C.  and  7,  M.  Dalluvulle,  Studies  and  investigations  of  agglomeration 
and  deagglomeratior.  of  solid  particles.  Semifinal  Report,  frojeot  "o. 
A-233,  Georgia  Institute  of  Technology,  dmie  S'!,  195Ci. 
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particlec  Into  an  agglcatteratlon.  Inte molecular  forces  are  respcmBlhla 
for  surface  tension,  adsorption,  capillary  action  and  other  surface  pheno¬ 
mena  which  contribute  to  the  character! stica  of  powders. 

ffewton's  law  of  universal  gravitation  contains  the  terms  G/R  j  where 
0  is  the  constant  of  proportionality  and  R  tlie  particle  separation  distance. 

Rowever,  Pierre  Simon  de  Laplace  and  Alexis  Claude  Clairaut,  mattiematiclons 

% 

of  the  l8th  century,  found  that  intermolecuJ.ar  forces  fell  off  more  sharply 

I  ' 

than  the  square  of  the  distance  and  that  the  constant  of  proportionality  • 
coiild  be  different  for  different  molecules.  Estimates  of  Intermolecular 
forces  have  now  taken  the  form  c/R^,* where  both  C  and  n  are  constant. 

Many  investigators  of  the  forces  between  particles  found  Van  der  Waals' 
forces  and  electrostatic  forces  to  be  the  most  important.  Van  der  Woal.o' 
forces  are  always  present  between  particles  brought  together;  electrostatic 
forces  exist  only  when  ciiarged  pafrtlc,ieo  are  close  togeWier. 

Van  der  Waalo '  forces  even  exist  between  neutral  particles  and  are  not 
due  to  coulomb  forces  or  pcTmaiient  electrical  dipoles.  lenniird-Jones  de¬ 
rived  from  wave  mechanic.-,  tlic  relationship:^ 

F  =.  A  ir ' 

wiiere  F  ^  Van  der  Vlaals'  force 

Van  der  Waaln'  constant  for  attraction 
R  a  Intermolecular  distance. 

Many  believe  tlint  molecular  foi-res  are  not  influenced  by  interactions 
with  neighbors,  and  therornre  the  tnta i  force  exerted  on  a  molecule  in 

8.  Lcnnnrd-Jones ,  J,  K.,  Cohesion,  Proceedincs  of  the  Pli.ys.  Hoc.  hi  ; 

.’i61-i)2  (19:J1) 
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obtained  by  addition  of  the  forces  exerted  by  each  neighboring  molecule. 
Hamaker^  and  Bradely^®  approximated  the  energy  necessary  to  pull  tvro  par¬ 
ticles  apart  as 


F  ^  oi  ^2 

“  dx  -  12x«  '  Di  +  Dg 


(2) 


where  E  =  interpartlole  energy 

D  =  the  particle  diameter  '  • 

X  =  the  interparticle  distance 

q  =  number  of  molecules  contained  in  a  unit  volume . 

It  may  appear  that  tiie  force  becomes  Infinite  when  iiie  particles  are 
together,  but  the  force  is  limited  by  a  minimum  value  of  x. 

Many  Investigators  determined  results  which  were  consiotant  with  tiie 
theoretical  London-Van  der  Waals'  interparticle  force.  Investigators 
de  Boer^^  and  Hamaker^  calculated  the  order  of  magnitude  of  those  forces, 
and  Jiamaker  gave  equations  for  the  interaction  of  particles  as  a  function 
of  the  particle  distance,  x,  for  different  shaper,  of  portlcles.  Homaker 
found  the  force  for  two  flat  ourfaoeo  separated  by  a  distance,  x,  to  be 
inversely  proportlor.nl  to  tlis  cube  of  the  separation.  Van  dor  Waals'  for¬ 
ces  become  significantly  more  important  aa  the  parftcle  size  becomes 
smaller.  Irregular  shaped  particles  made  the  piroblem  consirternb] y  more 
difficult,  since  Van  dor  Mauls'  force  is  dependent  on  particle  shape. 

9.  Ilamaker,  h,  C.,  A  general  theory  ol'  Lyophobic  Colloids,  I,  Rec.  Traz. 
Chlm.,  1015-20  (1930);  A  system  of  Colloid  Ptienomena,Bec .  I’raz ,  Chim. 
06*  727^7  (1937);  and  London-Vun  der  Wonls'  attraction  between  .spheri¬ 
cal  particles,  Thysica,  h;  WfH-7P  flp}?). 

10.  Bradely,  5,,  The  coliesion  between  smoke  imrticlcs,  Trans,  of  the 
Faraday  Soc.,  IOH0-90  (L936). 

11.  de  Doer,  J.  Ji,,  T)ie  influence  of  Van  der  Viaals'  forces  and  primary 
bonds  on  binding  Cinergy,  strength  and  orientation,  with  sjjaclaJ  refer¬ 
ence  tn  sceve  artlfivlui,  resins.  Trans,  r'aradny  3<.x:.,  32;  lO-iii  ()930). 
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It  is  common  telief  that  Von  der  Wanlo'  forces  between  particles  are 
due  to  the  molecules  at  or  near  the  surface.  Thus,  the  radius  of  curva¬ 
ture  of  the  opposing  surfaces  of  close  particles  will  determine  the  inter- 
particle  force. 

B.  G.  Casimir  and  D.  Polder,  who  worked  out  an  electromagnetic  theory 
of  molecular  forces  in  igJfB  did  not  use  tlie  classical  picture  of  radiation 
but  rather  the  ideas  of  quantum  mechanics.  The  Casimlr-Polder  theory  showed 
u  force  dependent  on  K/R^  where  K  is  different  from  Van  der  Waalc'  constant 
for  attraction.  Gome  investigators  today  feel  that  both  Casimir-Polder 
and  Ixsndon-Van  der  Waala '  formulas  apply  only  over  an  appropriate  range 

1  p 

of  R  and  that  each  contain  unmeasurable  constants.  Further,  these  re¬ 
lationships  do  not  give  the  force  between  two  bodies  cojitainiJig  many  mole¬ 
cules,  since  the  molecular  interaction  forces  are  not  believed  to  be 
additive. 

Vdien  particles  carry  electrostatic  charges,  couJ.pmb  forcer,  may  be  the 
controlling  force.s  In  bringing  about  agglomerat J  on .  A  few  iinlivldutil.'i  be- 
lieve  that  in  general  tlie  cliarges  are  not.  large  enougii  to  give  rise  to 
forces  of  attraction  comparable  with  the  Lntermolecular  force  between 

small  paih.icleR  in  contact.  Particles  are  known  to  carry  electrical  (.'litir- 

% 

geo  even  though  tlie  total  charge  of  the  pciwder  may  l:>e  neutral,  Eiectrlfi- 

»  ' 

cation  can  bo  caused  by  the  interaction  with  gas  ioiin  from  the  atmospliere, 
by  friction  or  contact  between  particles  or  by  separation.  Particles  may 
be  discharged  by  contact  with  a  surface  of  higher  capacity  or  neutralized 


12.  Derjaguln,  Boric  V.,  Scientific  American,  203 :  P'o.  1 
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by  agglomeration.  Electrostatic  forces  of  attraction  cannot  be  calculated 
for  a  powder  since  the  distribution  of  the  charge  on  the  particles  is  un¬ 
known. 

An  extensive  study  of  static  electrification  of  duet  particles  from 
0.5  to  30.0  microns  in  diameter,  on  ger»ratlon  of  a  cloud  was  made  by 
Kunkel.^^  Ha  used  the  method  developed  by  Hopper  and  Laby^^  wliere  particles 
were  allowed  to  fail  in  a  horizontal  electric  field  and  their  tmcts  were 
photographed  under  intermittent  illumination.  He  concluded  tliat  in  gen¬ 
eral  the  average  charge  increased  more  slowly  than  with  the  square  of  the 
diameter. 

The  above  comments  serve  to  Illustrate  the  scope  of  the  prob¬ 

lem  of  determining  forces  between  particles,  even  under  ratlier  simplified 
conditions. 

2.  Flow  PropertieB  of  Powders 

Tlie  flow  properties  of  finely  divided  materlala  have  been  of 
great  interest  in  a  wide  variety  of  Industrial  appiicatlono.  Perhaps  the 
most  frequently  atudled  case  is  that  of  gravity  flow  of  the  material . 

A  teat  performed  by  R.  R.  Tranl^^  others  consisted  of  measuring 
the  behavior  of  powders  in  a  funnel  of  specific  dimensions.  One  funnel 
was  placed  directly  above  another  on  a  ring  stand.  Sompld.':  of  50  to  100 
sns  of  material  were  introduced  to  the  top  funnel  and  allowed  to  fill  the 
stoppered  funnel  below.  Three  minutes  or  more  were  allowed  for  the  trapped 
air  to  escape  before  removing  the  plug.  If  the  somp^le  completely  flowed  out 

when  the  plug  was  removed,  the  material  was  classified  ns  free-flowing. 

• 

IJ.  Kunkel,  W.  H.,  J.  Appl.  Phy.«j.,  PI:  8P0  (1950). 

Ih.  Hopper.  V,  D.  and  T,  H.  I.aby,  Proc.  Roy.  15on.  A,  17B:  ?l(3  (lOUl). 

15.  Trani,  H.  R.  et  al.,  Ind.  &Eng.  Chem.  (Oct.  I959). 

-  3-  - 


KUm 


I 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  ROD.  WHS 
JAW  EO  13526,  Section  3.5 

MAir  i;  208 


Powders  were  classified  accoj'dlng  to  the  time  required  for  a  sample  to  flow 
out*  If  the  sample  did  not  completely  flew  out,  100^  dlamter  glass  beads 
were  added  until  it  did  so*  Claes  beads  were  added  until  the  minimum  weight 
fraction  needed  for  free  flowing  was  obtained*  The  quantity  of  glass  beads 
added  was  an  indication  of  the  flow  properties  of  the  powders  tested.  Frcn 
these  measurements,  flvs  arbitrary  flew  classifications  were  set  up  for  the 
funnel  specified. 

The  flow  properties  of  finely  divided  materials  are  radically  affected 
if  tliay  are  mixed  with  a  gas  in  two-phase  flow.  Some  investigators  have  sug¬ 
gested  that  a  powder  could  possibly  be  characterized  in  terms  of  a  property 
similar  to  the  viscosity  of  liquids  and  that  the  pseudo-viscosity  might  be  a 
fundamental  correlont  of  slugging,  fluidity  or  other  bed  characteristics. 
Matheson,  Herbst  and  Holt^^  presented  the  results  of  such  a  study  in  which 
they  measured  the  relative  pseudo-viscosity  of  various  fluidized  beds  in  terras 
of  the  torque  weight  required  to  rotate  a  paddle  of  fixed  dIzb  at  200  rpm  in 
a  3  Inch  deep  by  one  inch  ID  bed  of  solid  fluidized  by  air.  They  found  the 
torque  necessary  to  rotate  the  paddle  was -extremely  hlfji  for  unaerated  beds, 
but  decreased  rapidly  when  aerated  and  soon  reached  a  point  where  further 
aeration  had  no  effect  on  the  required  torque.  The  relative  viacoaity  of  the 
bed  was  found  to  increase  with  particle  size  and  particle  density.  Matheson 
also  measured  the  torque  necessary  for  various  beds  made  up  of  two  cemponents: 
fines  blended  with  larger  particles.  The  rate  of  change  of  the  viscosity  with 
cooposltion  showed  a  decided  break  at  the  point  of  minimum  fines  added  to  pre¬ 
vent  interlocking.  * 

16.  Hatlieson,  3.  X..,  Kerust,  V*.  A.  uiid  Hull,  P.  H.,  ind.  Eng.  Chem.,  li! 
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An  extensive  disouaaion  of  the  rheological  properties  of  powders  is 
given  by  Zenz  and  Othmer.^’^  Measureinents  of  five  angles  pertaining  to  the 
povder  bed  are  suggested  as  n  means  of  characterizing  finely  divided  ma¬ 
terials.  These  are: 

(1)  The  angle  of  intemal  friction 

(2)  The  angle  of  repose 

(3)  The  angle  of  wall  friction 

(i»)  The  angle  of  rupture 

i'y)  The  angle  of  slide. 

One  or  more  procedures  for  conducting  each  measurement  are  outlined 
in  the  cited  reference  and  will  not  be  repeated  here. 

'Wio  previous  work  outlined  above  lias  served  as  a  point  of  departure 
for  our  own  experimental  work  In  this  area. 

B.  Preliminary  Theoretical  Investigation 

In  initiating  a  theoretical  study  of  this  type,  one  immediately  en¬ 
counters  the  problem  of  netting  up  a  model.  As  a  first  approach  to  the 
problem,  a  two  dlmenclonal  model  was  set  up  In  which  the  piling  of  a  pow¬ 
der  was  considered  os  being  analogous  to  the  piling  of  cylinders.  The 
essence  of  this  inveoticatdon  is  given  In  Appendix  A. 

Several  phenomenon  such  as  angle  cf  repose,  tingle  of  internal  friction 
conpreaslbillty,  angle  of  rupture  ami  ctiiers  can  be  nsaoclated  with  tJie 
rheological  properties  of  powders.  Knowledge  of  these  may  contribute  to 
evaluating  the  forces  acting  In  the  system. 


17. 


Zenz,  F.  A.  end  Otlimer,  D.  I'.,  Fluidization  and  Cluld-partlcle  syatem 
Peirliold,  New  lork,  i960. 
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A  force  acting  on  an  incremental  volume  of  bulX  powder  seema  to  difl« 
trlbutiT  itself  in  a  certain  fashion.  Tieata  such  aa  the  rod-tension  test 
and  the  piston  test  as  deacribed  by  Zena  and  Othiner^^  give  credence  to 
this  idea.  The  way  in  which  such  a  force  distributes  itself  would-  seem 
to  depend  on  the  shear  modulus  and  tensile  strength  of  the  powder.  In  an 
effort  to  gain  some  Information  on  the  shear  raodulua,  the  following  model 
was  constructed.  - 


‘ 

-L 

• 

■e--  p(y)=  Yy 

A  plate  p  is  submersed  In  a  powder  material  to  a  depth  h.  Due  to  the 
weight  of  the  ma-terial,  the  pres-sure  on  the  plate  p  wll.l  be  directly  pro¬ 
portional  to  the  iriAgpitude  of  y. 

Now  p(y)  ^  (Ty  (1 ) 

where  Y  is  the  density  of  the  moterlal. 

Vfe  now  make  the  following  assumption;  t.hot  the  maximum  shear, 
between  the  plate  and  the  particles  lo  proportional  to  the  prensure  or 

=  Cp 


max 


and  that  all  point.-,  on  the  plate  are  on  the  verge  of  slipping  simultaneously. 

Tlie  total  force,  I’’,  to  move  the  plate  can  be  expressed  by  the  integral 

h  ti 


^  /  '^max  j  y 


or 


F  -  c  dr  ii 


(2) 
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. This  F  gives  tlve  moxiinum  shear  force  to  be  expected. 

Experiments  have  been  carried  out  to  check  this  relation,  ns  dlscusBed 
in  the  following  section. 

C.  Experiittenta 

Ao  a  part  of  this  program  of  disaemt nation  research,  experiments  are 
being  conducted  to  evaluate  physical  tents  which  have  been  suggested  by  the 
theoretical  studies  or  the  search  of  the  literature.  Tla  emphasis  in  this 
work  is  to  find  and  apply  physical  testa  which  will  be  useful  in  predict¬ 
ing  the  behavior  of  a  finely  divided  material  in  a  disseminating  system. 

1.  Experiments  on  Force  to  Extract  a  Vertical  Plate  from  a  Bed  of 
Powdered  Material. 

Experiments  were  conducted  to  check  Equation  (1?),  presented  in 
the  previous  section.  The  force  required  to  extract  a  thin  vertical  alu¬ 
minum  plate  from  a  bed  of  fine  lead  shot  (500-1000^.)  was  measured  on  a 
Jolly  spring  balance.  Tlio  results  are  plf>tLed  in  Figure  Ih.  A  straight 
line  with  a  sJope  of  approximately  ?-0  fits  the  data  points  reasonably 
well,  Indicating  Hint  the  relation  given  In  Equation  (?)  La  adequate  fi^r 
this  case-  'tlie  coefficient  C  in  this  equation  can  be  considered  to  l^e 
related  to  the  coefficient  of  friction  between  the  parti'-’let  and  the  plate. 
Further  exj'erlmentutlon  along  thin  line  in  planned.  t 

P.  Experiments  on  Stress  Versus  GiUk  Pennlty. 

Measurements  of  the  effect  of  comprecaive  ntresr.  on  bulk  density 
appear  to  be  of  interest  in  r.everal  afcaa  of  tlie  Jinaemination  problem. 

First,  the  infoniiatlon  gained  may  contribute  to  the  basic  knowledge  of 

% 
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*  Itotes : 


(l)  Force  Measured  ty 
Jolly  Spring 
Balance 


(2)  Plate  Width 
=  2.5ft  cm. 


2  C  C  10 

Depth  of  Powder  Bed  -  Cm 


FIGUPE  lU.  FCatCE  PEQlfIRED  TO  MOVE  A  VERTICAL  FLAT  PIATK 

SUIMERtED  lit  A  BED  OF  FIIiE  I£AD  SHOT  {^OO-lOOOyu.) 
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fine  povdera.  Secondlyt  th«  data  obtained  is  diractly  related  to  certain 
application  prdblans  including  (l)  determination  of  the  volumetric  beha¬ 
vior  of  the  bulk  aaterial  under  high  accelerations,  (2)  determination  of 

t 

the  req^ulrenenta  for  filling  aystema  designed  for  ccenpacted  material  and 
(3)  prediction  of  the  performance  in  piston  type  feeding  systems. 

Experlmente  have  been  conducted  utilizing  the  apparattw  shewn  In 
Figure  15,  vhlch  conslatB  of  a  thin  Teflon  piston,  closely  fit  to  a  trans¬ 
parent  plastic  cylinder,  which  is  vented  to  preclude  entrapment  of  olr. 

The  piston  Is  guided  by  a  rectangular  structure  wltli  Teflon  edges  which 
make  only  line  contact  with  the  cylinder  in  order  to  minimize  friction. 

The  height  of  the  piston  above  a  fixed  reference  plane  is  measured  by  a 
oathetoneter.  The  bulk  density  for  any  piston  position  is  derived  from 
tl»  system  dimensions  and  the  mass  of  the  powder  cliarge. 

Figure  16  (2  pages)  present  the  results  of  a  cerlen  of  measurements 
on  samples  of  talc  (Mlstron  -  iC)  which  have  a  particle  size  range  of  0 
to  6  microns  and  a  WiD  of  O.83  microns.  The  three  lines  .shown  on  the 
graph  are  for  initial  mass  quantities  cf  30,  UO  and  50  grans.  It  can  he 
seen  thot,  at  the  l<wer  range  of  streo.s,  the  hulk  density  is  somewhat  de¬ 
pendent  on  tlie  size  of  the  material  sample.  Tt>c  spread  in  the  values  of 
bulk  density  increases  at  tlie  lower  values  of  bulk  density.  The  moxlmum 
spread  la  approximately  7  percent.  At  the  higher  stress  levels,  the 
curves  cone  together  within  the  limits  of  experimental  error.  This  effect 
may  be  due  to  additional  wall  friction  in  the  case  of  the  larger  samples. 

It  is  Intereetlng  to  note  that  the  stress  versus  bulk  density  curves 
approach  straight  lines  on  the  some  log  plot,  in  tl*  region  of  high  bulk 
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PlSTON-CyLIIJI«]<  APPARATt^S  FOR  CO^^P^ESSIVE 
STRESS  EXPERlMBN'rS 


Comprasaive  Streaa  -  dynaa/cm 


FIOUHE  l6.  COHPRESSIVB  STRESS  VERSUS  BUIif  UENSm  FCSR  lALC  (MIStBOB-l8) 
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denaltles.  The  slope  and  intercept  of  this  type  of  jtunre  may  very  uae- 

-  -  ‘  I  ■  ■ 

ful  In  evaduatln^  finely  divided  powders.  Similar  experiments  with  aspirin 
powder,  produced  nearly  straight  line  relationships  on  a  comparable  graph. 
However,  the  values  of  slope  and  intercept  were  widely  different.  A 
change  in  the  applied  compresalve  atresa  of  an  order  of  magnitude  Cfrom 
105  to  10^  dynea/cm^)  produced  a  change  in  hulk  density  of  approximately 
10  percent  as  contrasted  to  the  change  shown  in  Figure  15  of  approximately 
60  percent. 

The  data  obtained  from  these  experlraenta  are  being  examined  mors 
thoroughly  to  determine  whether  more  complete  correlations  with  material 
propertiea  are  possible. 

3 •  Maastmements  of  Force  Required  to  Extract  A  Circular  Disc 
from  A  Powder  "Bed. 

An  experiment  Is  outlined  by  Zenz^”^  in  which  a  vertical  rod  1b 
extracted  from  a  powder  bed.  The  magnitude  of  the  force  is  influenced  by 
the  internal  friction  of  the  material.  Preliminary  axperimonta  with  this 
technique,  utilizing  a  Jolly  spring  balemce  indicated  that  the  sensitivity 
was  gplte  low.  It  become  obvious  that  substitution  of  o  horizontal  circu¬ 
lar  disc  for  the  rod  would  result  in  a  considerable  improvement.  Three 
circular  discs  with  diameters  of  1,  2  end  2.54  cm  were  mode.  'Ihla  Jennlt- 
ted  investigation  of  the  influence  of  disc  diameter,  as  well  ns  the  bed 

I 

depth. 

« 

IVo  devices  have  been  used  for  measurement  of  the  force  In  these  ex¬ 
periments.  These  are  shown  In  Figures  1?  and  iB.  Ihe  Jolly  balance  In  a 
standari  Item  of  laboratory  apparatus,  which  employs  a  caltbrallfed  nprlng 
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for  force  neasureaenb.  The  gravitational  system  of  force  measurement  was 
developed  specially  for  this  application.  With  the  latter  device,  force 
1b  applied  to  the  circular  disc  hy  slowly  adding  a  mtered  quantity  of 
liquid  to  the  vessel  which  is  shown  in  the  sketch.  Tiie  force  is  transmit¬ 
ted  by  a  line,  operating  on  a  pully,  fitted  with  a  precision  bearing. 

This  system  has  an  advantage,  in  that  the  Initial  displacement  of  the  disc, 
which  takes  place  before  the  surface  of  the  bed  la,  interrupted,  does  not 
influence  the  applied  force.  In  the  case  of  the  spring  balance,  this 
initial  creep  effbct  was  found  to  slightly  affect  the  meaBUrement  of 
applied  force. 

The  results  of  experiments  of  this  type  are  ounmarized  in  Figure  19, 
which  is  a  plot  of  F/d  versus  F/d*h  on  log  log  paper.  The  force  of  F 
dynes  Is  applied  to  a  disc  of  diameter  d  centimeters,  which  is  subnwrged 
in  a  bed  to  s  distance  of  h  centimeters  below  the  free  surface.  Itesults 
for  three  powders  are  shown.  These  are  talc,  saccliarln  and  aspirin.  Fig¬ 
ure  19  is  believed  to  be  a  very  useful  correlation.  The  data  for  each 
cample  indicate  a  .straight-line  relationship  between  the  two  coordinates, 
and  the  slope  for  each  case  is  nearly  identical.  For  the  materials  stu¬ 
died,  the  force  haa  been  found  to  be  pjoportional  to  h*'  wJ^ere  tl«  expo¬ 
nent  n  is  approximately  l.S.  The  intercepts  and  the  slopes  of  these 
curves  are  identifying  characteristics  of  the  individual  samples.  Fur¬ 
ther  experimentation  along  this  line  Is  planned  to  dote  rail  na  the  repro¬ 
ducibility  of  thece  data  for  additional  materials,  and  to  evaluate  the 
effects  of  moisture  content.  ' 
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V.  vronc  on  UNE-SOJIKS  liquid  agent  ' 

A  dsslsn  study  on  an  aircraft  extamal  store  for  liquid  agent  dlBsemina- 
tion  has  been  Initiated  by  North  Amariean  Aviation^  Ine.  under  subcontract 
to  Oeneral  Mills,  Ine.  The  scope  of  this  v^rh  In  the  current  phase  includes 
(1)  detenalnatlon  of  flotf  rates'  for  various  agsnt-t^argst  zequlrenents,  (2) 
review  of  operational  military  aircraft  for  ecopatability  of  a  universal  at 
store,  (3)  deteittinatlon  of  means  of  agitation,  (4)  detamlnatlon  of  means 
of  heating  to  prevent  freezing  of  the  agent  during  transit  to  the  target  and 
during  dlsssfflinattan,  (5)  study  of  performance  penalty  due  to  system  instal¬ 
lation  and  (6)  study  of  effects  of  local  flow  fields  on  the  disseminating 
process.  . 

Wozic  was  initiated  in  these  areas  folloving  a  coordination  meeting 

*  ^  ■ 

which  was  held  at  General  Mills,  Inc.  on  13  July  i960.  Attending  this  meet¬ 
ing  vers  repreaentativee  of  the  Blologlcsl  Warfare  Laboratorlee,  General 
Kills,  Inc.  and  North  American  Aviation,  Inc. 


Progress  during  .Tuly  and  August  in  each  of  the  above  areas  is  summarized 


belw: 


A .  Flow  Rate  Optimization 


A  pareaetrlc  trades  study  is  in  progress  which  will  define  near-optimum 
flow  rates  for  a  liquid  biological  agent  dioaomlnatlon  system.  Six  biologi¬ 
cal  agents  are  being  considered  in  the  analyala.  These  are  the  causative 
agents  of  Q-fev«r,  Brucellosis,  Tularemia,  Anthrax,  Plague,  and  Venezuelan 
Equine  Encephalomyalitie.  The  blolo^csl  and  physical  properties  of  these 
agents  are  contelned  in  North  American  Aviation  Report  vhich  also 
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cootslns  A  descirtptloa  of  Calder's  matheaatlcal  effectiveness  model  used  to 
coaiisite  their  effectiveness,  in  section  to  considering  the  lepeclfic  on- 
tArget  effeets  of  these  saents,  the  study  ccnslders  several  dslivary  vehicle 
pAreaeters  (speed,  rangs,  sad  agsnt  capacity}  and  major  weather  and  terrain 
oharaeterlsties • 

The  analysis  optimizes  flow  rates  In  tsms  of  the  probable  ares  of 
coverage  for  a  typical  aleslon  In  a  European  tactical  situation  (Circa  1963}. 
The  analysis  methodology  is  illustrated  in  Figures  20  through  23  (4  figures). 
For  a  fixed  delivery  speed  end  a^nt  capacity,  the  release  line  length 
he  shown  as  a  function  of  the  flow  rate  used  for  dlBsemlnation.  An  example 
of  such  a  curve  Is  shown  in  Figure  20  for  delivering  ^00  gallons  of  agent  at 
600  knots.  Cloud  travel  can  also  be  shewn  as  a  function  of  flow  rate  for  a 
specified  agent,  level  of  incapacitation,  and  weAther  condition.  This  effect 
Is  shown  In  Figure  21  for  the  causative  agent  of  Q-fever'and  ^0$  incapaclta- 
tion  level  (Pj  =.  0.5).  An  average  weather  condition  (stable  temperature 
gradient)  and  a  ^-mph  wind  speed  over  open  terrain  were  considered  for  this 
case.  The  product  of  relea'se  line  length  (Figure  20)  and  cloud  travel  (Fig¬ 
ure  21)  will  yield  an  area  of  cover  for  any  flow  rate  selected. 

To  mors  realletically  appraise  the  effect  of  flow  rate  on  the  area  of 
coverage  achieved,  other  factors  such  as  air  vehicle  survival  and  the  ability 

A 

to  predict  neteorologicAl  conditions  existing  In  tlie  target  area  have  been 
coasidersd.  * 

As  the  delivery  line  length  is  Increased,  the  length  of  time  within 
enenty  territory  la  proportionately  Increased  and  air  vehicle  survival  proha- 
bllltles  will  be  decreased.  This  is  illustrated  in  Figure  22  showing  the 
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o^Pect  of  line  length  on  Buxvtval  probahllity  for  &  Buropeam  tacti¬ 

cal  al'^tlon  in  th«  1963  period.  Sy  inclvidlag  the  effects  of  survival 
prchahllityi  the  probability  of  accurate  meteorological  predictions  (assumed 
to  be  751^}  bhe  effectiveneas  against  possible  eountemeasures  (assunwd 
to  be  751^ )«  the  probable  ana  of  coverage  can  be  obtained  as  a  function  of 
flow  rate  (see  Figure  23). 

It  has  been  deteimlned  in  this  auxalysla  that  variations  in  wind  speed) 

terrain  conditions)  temperature  gradient  (inversion)  stable,  or  lapse)  and 

level  of  incapacitation  do  not  significantly  affect  the  selection  of  a  design 

fleer  rate.  The  probable  area  of  coverage  Is  Increased  or  decreased  as  varla- 

\ 

tlons  in  these  parameters  ara  introduced,  but  the  peahs  in  the  curves  shew 
no  aansitlvity  to  these  variatlona  (see  Figure  24).  ‘Kils  Is  true  of  other 
wind  speeds  and  incapacitation  levels  also.  Consequently,  an  "average" 
meteorological  condition  (stable),  an  open  terrain  condition)  a  5  itph  wind, 
and  an  Incapacitation  level  of  ^0^  axe  assumed  for  analysis  purposes.  These 
values  axe  felt  to  be  both  conservative  and  realistic  and  axe  used  through¬ 
out  the  study  to  investigate  the  effects  of  speed,  agent  type,  and  agent 
capacity  on  design  flow  rate  selection. 

The  type  of  agent,  capacity  of  agent,  |u>d  delivery  speed  were  found  to 
be  the  most  sensitive  parameter^  and  have  been  the  object  of  concentrated 
analysis  effort.  The  effect  of  agent  capacity  on  flew  rate  is  shown  in  Flg- 
\ire25  .  From  the  curves  of  Figure  2^  ,  it  can  be  seen  that  the  optimum  flow 
rate  increases  from  ^  gpn  to  24  gpn  ss -agent  capacity  Is  increased  froa  100 
to  40Q  gallons.  The  effect  of  speed  on  flow  rate  is  similar  to  that  of 
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agent  capacity.  This  effect  can  te  seen  In  Figure  26  where  the  optUmai  flow 
rate  la  approximately  15  spa  for  a  300  knot  doliveiy  speed  and  24  gpn  for  a 
600  knot  delivery  speed. 

The  effect  of  agent  characteristics  on  design  flow  rate  can  be  seen  by 
t5»  histogram  of  Figure  27  where  optimum  flow  rates  vary  from  16  gpn  for 
the  causative  agent  of  Q-fever  to  48  gpn  for  the  causative  agent  of  anthrax. 
The  characteristics  of  thess  six  agents  show  large  variations  which  should 
Include  most  potential  agent  developnents.  For  example:  vary  by  a 

factor  of  600,  agent  concentrations  vary  by  a  factor  of  20,  decay  rates 
range  from  1^/min  to  and  spray  efficiencies  range  frc«n  lOjt  to  45lt. 

Because  of  these  ranges,  these  six  agents  are  felt  to  be  representative  of 
a  great  many  agents  which  will  be  developed  and  represent  a  large  statisti¬ 
cal  sample  space. 

The  goal  of  this  study  Is  to  optimise  flow  rate  of  the  dissemination 
system  so  as  to  be  adaptable  for  a  variety  of  delivery  vehicles.  This  might 
result  In  extreme  differences  in  delivery  speed  and  agent  capacity.  If  a 
weapon  system  optimisatlcn  were  J>elng  conducted,  the  relationship  between 
agent  capacity  and  range  could  be  established  and  a  desirable  value  of  speed, 
range,  agent  capacity,  and  flow  rate  could  be  defined.  But,  since  the  sys¬ 
tem  characteristics  determined  by  the  study  must  be  amenable  to  a  variety  of 
delivery  conditions,  an  average  of  extremes  will  be  used  to  select  a  design 
value.  Unusual  situations  which  are  not  characteristic  of  the  remainder  of 
the  sample  will  be  eliminated.  A  statistical  review  of  the  results  Is  In 


progress . 


Optimum  Flow  Rate 
^  iftl.  Per  Min. 
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B.  Revlev  of  Operational  Aircraft 

Kotiflcatlon  was  leceived  from  BWL  that  the  Need-to-Know  request  had 
been  mailed  to  all  oamifaeturers  of  currently  operational  aircraft.  A  ques«< 
tlonnaiie,  lietiag  desired  Information  relative  to  external  store  capabili¬ 
ties  was  prepared  for  distribution  to  these  msmufacturers .  nwse  requests 
have  been  sent  to  the  follovrlng  ten  ccnpanies: 

1.  Douglas’ Aircraft 

2.  Con’valr  Division  of  General  Dynamics 

3 .  Noralr  Dlvialonj  Horthrup  Corporation 

4 .  Boeing  Airplane  Ccoipany 

5 .  Chance  Vaught  Aircraft 

6.  Bepubllc  Aviation  Corporation 

7.  Crunraan  Aircraft  Engineering  Corporation 

8.  Lockheed  Aircraft  Corporation 

9.  McDonnel  Aircraft  Corporation 

10.  Martin  Company 

Response  to  this*  request  has  been  recel'ved  from  three  companies,  giving 
Information  on  11  aircraft. 

Plight  handbooks  for  33  uf  the  pertinent  aircraft  are  available  in  the 
NAA  library.  Data  have  been  compiled  from  these  publications  concerning  air¬ 
plane  performance  and  stores  capability.  This  material  can  be  used  to  calcu¬ 
late  mission  radius,  delivery  speed,  and  to  indicate  in  a  general  sense  the 
compatibility  of  various  types  of  stores  with  these  aiiplanes.  For  more  spe¬ 
cific  Information  on  store  clearance  enr'elopee,  control  circuits  the  stores, 
pylon  capabilities,  and  lug  spacing,  tJie  requested  information  from  the  manu¬ 
facturer  vill  be  required. 
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C,  Agitation  of  Liquid  Agenta 

A  dafinite  nquirenant  for  agitation  of  the  liquid  agent  duzning  the  ap« 
procteh  phase  of  the  nlsBion  has  not,  as  yet,  been  established  by  the  £NL. 

If  such  a  requirement  vere  to  be  established,  It  would  no  doubt  vary  consi¬ 
derably  for  various  types  of  agents.  It  is,  therefore,  conqJ.uded  that  a 
reasonable  solution  la  to  provide  for  circulation  of  the  agent  within  the 
BW  atore  by  Mans  of  the  dispensing  pusqi  and  a  by-pMs  valve,  it  la  visua¬ 
lized  that  a  stand-by  position  would  bo  provided  on  the  pump  switch  which 

* 

would  open  the  by-pass  valve  and  energize  the  pump.  Actuation  of  the  switch 
to  the  standby  position  at  some  tine  prior  to  the  disseminating  run  would  be 
part  of  the  operational  procedure  for  use  of  the  EW  store. 

D.  Heating  and  Cooling 

An  analysis  has  been  made  to  determine  the  requirements  for  maintaining 
the  teispereture  of  the  agent  within  the  prescribed  temperature  limits  during 
the  critical  conditions  of  cruise  on  an  "Air  Force  Winter  Eay".  For  this 
calculation  a  cruise  time  of  3  hours  at  38,000  to  43,000  feet  at  a  Mach  n\mi- 
ber  of  0.86  was  used. 

The  results  of  this  analysis  indicate  that  with  the  agent  tank  Insulated 
with  1/2"  of  flbreglasa  Insulation,  the  temperature  of  the  agent  will  remain 
above  35 ’F,  with  the  initial  agent  terapeiaturs  of  4o“F.  With  no  insulation 
the  agent  temperature  would  be  below  freezing.  For  these  calculations,  the 
physical  properties  used  in  the  calculations  Include  thermal  conductivity, 
specific  heat,  ^nslty,  absolute  viscosity,  and  coefficient  of  thermal  expan- 
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lA  addition  to  InauXatlon  of  the  tank  to  prevent  freezing.  It  will  be 
oBcFasaiy  to  heat  the  nozzle  to  prevent  the  agent  frca  freezing  as  it  is  being 
discharged  and  consequently  plugging  the  nozzle  orifices. 

*rhe  heat  requited  to  maintain  the  outside  surface  temperature  of  the 
Dozzle  assembly  at  50*F  while  the  assembly  Is  retracted  is  approximately  L 
vutts  per  square  inch  of  surface  area. 

The  heating  of  the  supply  tubing  and  nozzle  can  be  acccopllshed  by  means 
of  an  electrofllm  coating,  with  operation  of  the  heaters  controlled  by  means 
of  a  simple  thermal  switch  sensing  outside  surface  temperature. 

An  analysis  has-  alco  been  made  to  determine  the  effects  of  ram-air  heat¬ 
ing  on  agent  tamperatuie  in  tlie  tank  during  the  critical  condition  of  low 
altitude  crulsa  on  an  "Air  Force  Sunsner  I>ay".  For  this  calculation  a  time 
of  1  1/2  hours  and  a  Mach  number  of  0.^  was  assumed. 

Rsaulta  of  this  analysis  Indicate  that  tlie  1/2"  fibreglass  insulation  • 
is  sufficient  to  maintain  the  agent  temperature  within  acceptable  limits. 

The  temperature  rloe  of  the  agent  is  approximately  2*F  with  the  insulation 
as  compared  with  approximately  50*F  with  no  insulation. 


E.  Performance  Penalty 

He  effort  has  been  expended  on  this  subjec*  during  the  reporting 
period. 


F.  Effects  of  local  Flow 
1.  Engine  Exhaust 

A  method  of  estimation  of  engine  exhaust  temperature  profiles  has 
been  devised.  It  has  been  found  that  altliough  extensive  effort  has  been 
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pliced  wi  the  study  of  Jet  streams  exhausting  into  quiescent  air,  relatively 
little  has  heon  done  In  the  study  of  Jet  exhausting  into  moving  air.  The 
procedure  developed  gives  resulta  which  ccmpare  favorably  with  the  limited 
teat  data  available.  • 

For  piucposea  of  analysis  the  engine  exhaust  is  divided  into  two  regions: 
(l)  the  supersonic  core  innediately  downstream  of  the  nozzle  in  which  the 
exhaust  pressure  Is  expanding  to  free  stream  pressure;  ant  (2)  the  region 
of  turbulent  diffusion  downstream  of  the  auptfrsonlc  core.  Charadteristlos 

I 

of  the  flow  In  these  regions  are  then  defined  in  teras  of  the  exhaust  Mach 

number,  exhaust  static  pressure  ratio,  nozzle  angle,  free  otresm  Mach  number, 

and  distance  downstream.  Analysis  of  the  supersonic  core  region  is  based  on 

work  presented  in  the  following  references; 

U.  S.  Navy  Development  Center  Report 
NADC-ED'SaOI,  Characteristics  of  Free  Supersonic 
Jets  Exhausting  Into  Quiescent  Air,  by  A.  R.  Anderson 
and  F.  R.  Johns.  ' 

,  NACA  Report  RML5^L31,  Some, studies  of  Axisymmetrlc 
Free  Jets  £b(hausting  from  Sonic  and  SupeAonic  Nozzles 
Into  Still  Air  and  Into  Supersonic  Streams,  by  E.  Love 
and  G.  E.  Grigsby 

The  region  of  turbulent  diffusion  is  defined  by  the  procedures  given 
by  W .  Szablewski  In  the  KACA  reports : 

■  TK  120G,  The  Diffusion  of  a  Hot  Air  Jet  in  Motion 

'M  1311,  Contributions  to  the  Theory  of  the  Spieuding  of 
a  Free  Jet  Issuing  fran  a  Nozzle. 

Application  of  this  procedure  Is  illustrated  in  Figure  28  for  the  case 
of  a  J-57  Jet  engine  installed  in  a  vehicle  travelling  at  0.7  Mach  number. 
Isotherms  are  shown  for  temperatures  down  to  100°F.  The  rate  of  spreading 
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FIGURE  28 

JET  IDKGITUDIJIAL  TEMPERATURE  EP.OKII£ 
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of  the  exhaust  imiicates  that  in  aiqr  piactlcal  inatallation  of  a  dissemi¬ 
nating  store  that  sene  mixing  of  the  agent  with  exhaust  gases  in  the  tempera¬ 
ture  icangB  of  100*F  will  occur.  This  does  not  imply  a  serious  loss  of 

effectiveness  since  the  exposure  is  of  very  short  time  duration  and  cooling 

» 

fcy  evB3»ration  will  lower  the  envlroninental  temperature. 

2.  Aerosol  Stream 

Because  of  the  very  small  momentum  of  the  aerosolized  agent  par- 
tlclesj  they  are  accelerated  Into  the  airstxeaa  direction  almost  immediately 
upon  ejection  from  the  nozzle.  In  consideration  of  location  of  Brf  disseminat¬ 
ing  nozzles  on  an  aircraft,  It  may  he  assumed,  then,  that  In  the  vicinity  of 
the  aircraft  the  aerosol  fallows  the  stream  lines  flowing  past  the  nozzles. 

The  primary  flow  oharacterlatica  to  be  considered  are  due  to  the  vortex 
system  of  the  wing.  This  vortex  system  produces  a  downward  velocity  component 
downstream  of  the  wing  which  is  a  maximum  in  the  Inboard  region  of  the  wing 
and  diminishes  toward  the  wing  tip.  A  trailing  vortex  emanates  froa  the  wing 
tip  with  the  core  of  the  vortex  located  approximately  at  the  0.8  semi -span 
of  the  wing. 

Dissemination  uf  the  agent  In  the  downwash  field  will  give  the  aerosol 
a  downward  velocity  of  the  order  of  1%  of  the  airspeed  of  the  aircraft.  This 
effect  may  be  very  important  In  transport  of  tl«  aerosol  to  the  ground  but 
will  be  of  lesser  importance  in  separation  of  the  aerosol  from  the  alrcrafi; 
structure  and  from  the  engine  exhaust  because  of  the  very  short  time  period 
involved . 
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If  tia  agent  Is  disseminated  In  the  region  of  the  trailing  vortex,  the 

« 

aerofiol  strean  vlU  he  more  rapidly  diffused,  but  will  experience  no  net  down- 
vard  velocity • 

Characteristics  of  the  vortex  system  are  being  prepared  in  graphical 
form  for  wing  plan  forma  representative  of  current  military  aircraft. 
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-VI.  SCifOUiY  AUD  CONCLUSIONS 

^^^Stvdy  of  the  feeding  and  handling  problema  for  dry  agent  dlseeminators 
Indicates  that  premising  concepts  exist  In  the  application  of  acrev  feeders, 
piston  feeders  tind  pnoxnnatlc  feeding  aysteas. 

When  considering  the  use  of  screv  feeders,  the  tvo  concepts  wMch  cur¬ 
rently  appear  moat  premising  are  (1)  the  use  of  a  vei^^  lai’gs  screw,  probably 
of  the  ribbon  type  which  is  so  designed  that  all  of  the  agent  is  originally 
contained  In  the  screw  and  (2)  the  uoe  of  a  smaller  aciew  feeder,  with  an 
auxiliary  mechanical  agitation  mechanism  to  preclude  bridging.  There  appears 
to  be  no  incentive  to  rely  excluolvely  on  gravity  flow  in  any  part  of  the  sys¬ 
tems,  because  the  power  requirements  are  small  compared  to  that  readily 

I 

available  from  a  ram-air  turbine  generator.  The  piston  feeding  systems 
appear  to  be  most  feasible  for  handling  highly  ccmpacted  agent  materials. 

The  power  requirements  for  a  system  of  this  type  would  again  be  well  within 
the  llaits  available.  The  major  problem  is  expected  to  be  the  potentially 
high  wall  friction  In  a  large  store,  which  could  Impose  excessive  structural 
loads  on  the  system.  To  encase  the  compacted  slug  in  a  material  of  low  fric¬ 
tion  is  apparently  required  to  eliminate  this  problem.  Adequate  means  for 
stripping  off  this  casing  during  dissemination  are  required. 

In  the  pneumatic  feeding  systems,  two  concepts  have  been  consldersdl 
(1}  ayatems  In  which  the  entire  stored  agent  quantity  is  continually  mixed 
with  the  flowing  motive  gas,  and  (S)  systems  where  a  surface  entrainment 
principle  la  utilized.  Of  these,  the  first  is  believed  to  be  the  moat  pro¬ 
mising  due  to  the  extiiemely  small  gas  flow  rate  required.  TVie  use  of  motive 
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gases  other  than  ram  air  liava  been  considered  and  appear  to  be  desirable. 

For  exantple  the  use  of  carbon  dioxide,  stored  in  the  liquid  phase  would  pro- 
vi^  a  controllable.  Inert  atmoapiiere,  and  is  expected  to  Involve  a  weight 
penalty  of  only  a  flew  percent  of  tlie  agent  payload. 

Preparatlona  have  been  made  for  deaggloroeratlon  experiments  on  a  blow¬ 
down  vind  tunnel.  A  special  test  aectlon  has  been  assigned  to  provide  close 
control  of  llach  number  in  the  high  subsonic  range  above  0.70.  This  test 
section  has  alightly  tapered  walls  to  permit  unlfomjlacfinumber.  An  ad¬ 
justable  sonic  nozzle  at  the  discharge included  to  minimize  fluc¬ 
tuations  in  flow.  A  molded  jalatfEic”  inlet  nozzle  la  also  utilized  to  provide 
for,  minimum  turbulence.  ^A  special  high  velocity  eierosol  sampling  probe  has 
been  designed  and  fabricated  for  use  In  the  deaggloneratlon  eicperitnents . 

This  probe  is  deoigned  for  isokinetic  sampling  of  the  stream.  It  incorpor¬ 
ates  a  diffusing  section  to  reduce  the  velocity  to  a  level  which  is  com¬ 
patible  with  membrane  filters  and  Impaction  sampling  devices. 

A  Ilterafiii'e  searcli  has  been  made  in  the  field  of  the  characteristics 
of  finely  divided  materials.  Tlie  classic  treatments  of  Intermoiecular  and 
interparticle  forces  have  been  reviewed,  fn  general,  these  do  not  appear 
to  offer  solutions  to  t)je  real  problema  at  hand  because  many  effects,  such 
as  contamination  with  adsorbed  vapors,  cannot  be  adequately  handled.  The 
various  experimental  techniques  for  eval'mtlon  of  the  phyoicoi  characterla- 
tics  of  fiiMly  divided  materials  have  also  been  reviewed,  Including  those 
for  tneaaureraent  of  such  values  as  the  angle  of  internal  friction,  the  angle 
of  slide  and  the  angle  of  repose.  AUclitlonal  experiments  were  devised  which 
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yield  tnfoimatlon  irtilch  should  be  useful  In  considering  the  suitability  of 
a  given  powdered  material. for  use  in  diaaeminatlon  systems.  One  of  these  In¬ 
volves  detennlnation  of  the  effect  of  conpreaslve  stress  on  the  bulk  density 
of  a  finely  divided  natexial,  the  results  of  which  bear  on  the  questions  of 
volumetric  behavior  under  hi^‘  acceleration  and  the  problem  of  filling  dis¬ 
seminators  with  ccinpacted  material.  A  occond  experiment  Involves  deteimlna- 
tlon  of  the  force  required  to  remove  a  horizontal  circular  disc  from  a  bed 
or  the  material..  This  measurement  ohows  that,  for  the  cases  investigated, 
the  required  force  varies  approximately  as  the  3/2  power  of  the  bed  depth. 

The  force  characteristic  for  each  powder  tested  can  be  used  to  identify  tlie 
sample.  A  third  experiment  involved  the  measurement  of  force  to  extract  a 
vertical  plate  from  a  powder  bed.  This  experiment  was  suggested  by  a  pre¬ 
liminary  theoretical  analysis.  The  data  obtained  for  a  bed  of  load  shot 
agreed  oubetantlally  with  the  theoretlcol  treatment. 

I’rograna  has  been  made  in  several  areas  of  work  on  the  liquid  dlsoemi- 
natlon  problem.  The  operatlonol  analyslc  work  associated  with  liquid  agent 
dissemination  has  been  advanced  and  tlie  effects  of  ceverul  paruroeters  have 
been  explored.  The  moot  significant  parameters  affecting  the  optimum  flow 
rate  are  delivery  speed,  agent  capacity  and  agent  characterist.tcs. 

Causative  agents  were  nonsidered.  Tlie  optimum  flew  rates  indicated  by 
tliis  study  vary  from  a  minimum  of  16  gpm  for  a  Q-Fever  to  a  maximum  of 
gpm  for  o.nthrox.  A  review  of  operationa.i  aircraft  for  compatibility  with 
external  stores  has  been  initioted.  Questionnaires  have  been  sent  to  per¬ 
tinent  aircraft  manufacturers.  Additional  information  is  available  fren 
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flight  handbooks  for  33  aircraft.  The  requirement  for  heating  to  prevent 
agent  freeeing  has  been  studied.  Satisfactory  solutions  for  the  nozzle  heat¬ 
ing  requirement  and  the  storage  tank  irisulatlon  problem  have  been  fomd. 
Studies  of  the  effect  of  local  flotr  have  been  advanced,  and  a  method  for 
analyzing  the  temperature  gradients  produced  by  engine  exhaust  has  been  de¬ 
veloped  . 

Several  studies  are  In  progress  vhlch  trill  be  covered  In  the  final 
report.  Iheae  Include  (l)  an  investigation  of  the  chorocterlstios  of  non- 
Newtonian  fluids,  (2)  experiments  on  unconventional  disseminating  concepts, 
including  liquid  and  solid  phase,  carbon  dioxide  systems  and  ram-air  erosion 
systems  and  (3)  a  studj'  of  air  flew  around  external  stores  as  it  affects 
solid  agent  Store  design. 

The  work  planned  for  the  near  future  is  discussed  in  the  technical  por¬ 
tion  of  the  narratives  which  are  submitted  monthly  to  the  Chemical  Corps. 

\ 


e 


j 


% 


-  70  - 

•MHiiuiMIliVr' 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  ROD,  WHS 
lAWE0 13526,  Section  3.5 
Date;  .  ,  _ 

MAY  1  7  2013 


APPBMDIX  A 

» 

PREUMIMARY  OSEOKETICAL  STUDY  OF 
FORCE  DISTRIBUTION  IN  POWDERS 


I.  TWO-DDEWSIOKAL  ANALYSIS  (Particle  Analysis) 

The  initial  two-dime ns lonal  analysis  will  aasume  particles  in  the 
shape  of  uniform  circular  cylinders.  The  axes  of  the  particles  will  be 
assumed  normal  to  the  tvo-dlnenaional  plane.  Ttie  angle  of  repooe,^  ,  is 
defined  in  Figure  1. 


If  t)ie  size  of  tlie  pile  la  reduced  .'iuch  that  the  angle  of  inclination  Is 
kept  constant,  then,  Ideally,  the  pile  size  can  be  reduced  until  only  three 
particles  remain.  This  ic  ahown  in  Figure  2, 


For  circular  cylinders,  the  angle  of  repose  atiould  be  the  relatlonslttp 

^  t  60° 

For  Figure  2rX?  --  bO®.  It  aec.ms  reaisonnble  to  aaavBSe  that  x<3  <-  60*  for 
non-c; -'nuiar  ohapeo. 


A-1 


I. 
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A.  ’Three  Particle  Analysis 

•Central  forcee  such  as  eleotroetatic  forc^,  Van  der  Vfaals'  forces,  etc. 
may  exist  between  two  particles  arid  between  a  particle  and  the  surface.  Cen'* 
tral  forces  will  be  assumed  negligible  if  two  particles  or  a  particle  and 


the  surface  are  kept  frcan  contact  by  a  third  particle.  In  Figure  3  tl.e  sur¬ 
face  pushes  up  with  normal  force  Ng  and  attracts  particles  II  and  III  with 
central  force  Cgj 


Summing  forces  tn  the  vertical  direction: 

^Y:  2  Ng  -  2  Cg  -  3  W  =  0 


or 


^  2 


(2) 

(3) 


Next,  an  arwlyeis  of  Cylinder!  of  Figure  3  is  carried  out:  Its  free-body 


diagram  is  shown  in  Figure 


\ 

90-/3 
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iB  the  coefficient  of  firlctloa  totmen  two  cylindrical  sixrfaceo  and  Is 
asatsaed  constant.  is  the  central  force  between  two  particles  in  contact. 
Particle  8lze>  electroatatlc  charges,  raoletnre  content  are  sane  of  the  phe¬ 
nomena  that  may  affect  the  central  force  between  two  particles.  Hov  the 
variation  in  central  forces  will  affect  the  coefficient  of  friction,^  , 
la  not  known.  The  vertical  force  sumnatlon^s  the  only  one  of  any  conse¬ 
quence  : 

2/1^  cos/3  -  W  (•  2  -  C^)  sin/?  -  0  (4) 

A  free-body  diagram  of  Cylinder  II  Is  shown  Jn  Figure  5: 


nCUKE  5 


£31nce  fiarticles  tend  to  spread  out  when  poured  In  o  pile,  the  normal  force 
between  two  adjacent  particles  in  the  same  horiaontai  plane  will  be  asoumed, 
aero.  Tliere  may  be,  hciwever,  a  central  force  where 

(5) 

+  C^)  co3,d’  4  sin  /J  =  0  (6) 

-  (N^  -  C^)  sin  :V  -  cos  3  -  W  +  -  Cg  =  0  (7) 

T.%-  A.i  '  /«2  '^o'^  "  ^ 


Equationa  (2),  (4),  (7  ),  (U)  permit  the  solving  of  5  unknowns. 

Since  there  are  9  variables,  /t^  ,  Nj,  v,', ,  C, /j  ,  Kg'  ^2> 


A-3 


of  theM  variables  must  be  considered  known.  The  angle  X?  Is  readily  nw^g- 
ured  and  it  will  be  asaimed  that  the  wei^t  W  can  be  detemlned  or  estimated. 
If  the  coefficient  of  friction,  *''‘®  particle  and  the  surface, 

can  be  correlated  with  the  angle  of  slide,  then  it  too  my  be  considered 


deteminable .  It  can  also  be  assumed  that 


0^=02.03. 

Making  these  aasimptlons,  we  can  obtain  expressions  for 
and  C-^  tn^terms  of  the  other  variables: 

hi  =  ii  1  -  ?M2  (1  ^  slnx?)  >  (1  -3/^2)  (iO) 

^  /^2  2  +  1) 

jj  ^  W  /-g  -  ain/?  cob/6  4  3,^2  sin/<j'  cos/?  -  /^2  sin^/?  -  3  sln^X)' 

®  2  co3>3  -  .sin^  ■*■  sin/?)  +  ain/?j 

cos  ^<3  (3/«g  -  1)  -  sin^:*’  (.-<^2  +  3) 
i/tg  cos/^^  -  ain/J)  j"!  -  ■*■  sin/J)  +  (1  -  3,-^2)  cos/3] 

2  2  55 

H  “  3/<l2  -  3/^2  oin/?  ccs^£?  ■*•  3'^2  sin/^  •*•  2/^2  ain -  sln/i?eo6/^ 


(11. 


(12;, 


[/^2  '-■='3 -  sin  /^]  [  (1  +  siny^)  +  sin/-? 


(13: 


a.  Six  Particle  Analysis 
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2  coa/^  +  2  (S^  -  C^)  siu/T?  -  W  ..  0  (l4) 

Analysla  of  Cylinder  II : 


-  (N^  -  C^)  sin Nj^  cos  -  W  +  (Nj,  -  C^)  siri/d  Up  co&yd 

+  (N^  -  )  aln^j' +  cos^  =0  (15) 


^X;  -Aj  N2  ain^  +  (M2'  -  cca/J’  -  (W-j^  -  (J^^)  coa/^  +  ain/J*  Cp 

+  slnz^  -  (n^  -  C^)  cos/5  3  0  (16) 

N^R  -AiNjR  f  =  C 

or  M,  -  fL  +  Mo  =  0  ’ 

132 


(17) 
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.U-^  No  cli'i  *  Cg  >  M2  ^ 

(18) 

-  ( -  Cj )  sin  /3  - 

Ng  .^y-W  +  Nj^-C^aO 

(19) 

NgR  .  ^  Ni,R  » 

0 

(20) 

Analyoln  of  Cylinder  IV: 


FIGUKB  10 

}y:  -2  {N^  -  C^)  Bin/9  -  2,U-^  N,  cob /J  -  W  +  =  0  (2.l) 


-6W  -  3  C3  f  2 


(22) 
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There  are  9  aquations  and  12  variables,  which  Include  H,,  V,/3  , 

Cg;  Ngi  Cjj*  Njj,  Mjj  ^2« 

Ik 

The  knc3wn  quantities  will  he  aaaumed  to  )ae  /3  ,  W,  y«2*  Because  of  the 
difficulty  of  solving  nine  slmxataneous  non-linear  algebraic  aqiatloAi.  fur¬ 
ther  eimplifying  assumptions  will  probably  be  necessary.  The  equations  may 

be  suzmnarlzed  thus; 

V 

o  +  Cl  sln/^? 

„  .  2 - 1 -  (23) 

^  U-^  cos /3  *■  sin 

W  ♦  Cl  sin  '  ... 

-  N,  +  N,.  +  N  =  - - ± -  (24) 

1  3  coz,3  +  sin^ 

Ml  -  N2  +  M3  =  Cl  co8/^i  C2  _ 

008^  -  ain/S 

\ 

Ml  +  Ng  -  Mj  =  0  ^  (26) 


N.  =  ^1  C2 

2  :”r  /5 - Ti — r 


coa  j3  -  BinyJ  - 


,,  CS  sln,^?  -  W  -  C, 

Hg  =  _i _ ■> 

coayS  +  3ln,<g  - 

These  are  six  Independent  equations.  Tlia  'hiiOwno  are  Ny  Cg, 

C3,  /^IJ  which  totals  7-  It  will  then  be  assumed  that 

Cl  "  Cg  •  (2C 


Omitting  the  details,  ot»  finds  tl-ae  following  relations  wlilcii  are  of  interest. 


+  C-j  sin 

2  '■  _  I  I. 


in/i?  Cl  cos,<5  +  Cl 

03/5  *■  sin^)  a~(^oo"]^'"^~!^rj~sriT^ 


f,-  eo9^  ■»■  1- _ _  .  _ 

■1  COB, 3  -  Ml  sin /(S’ »  C 


COB  3  •*•  1 


alnx^ 

cob3  “  Bln/ 


coe/^  +  8in> 


CQa,-i/(cOB,'<?  +  .1)  (5  aln  .*'  +  3)3i^  -  [^  coa/J  +  S  (nnn^/^  -  ) 

■».  sln/4’(2  coa/5  -  3)|/-^1  -  5  sln/^cos/i^  -  0 

This  is  a  quadratic  in  vhera  the  coefficlonts  are  functions  of  the 
assumad  known  angle  of  repose,  ,3  .  ^ 

I 

That  is: 

a  {/3]/i^  +  b  +  c  {/3)  =  0 

•« 

F’rom  this  anolysln  the  angle  of  mpnne,  n  dlroct  maanure  of  the 

coefficient  of  friction,  Aj,  betvees  cyi liidoru .  From  Kfiuatlon  (31)  it  io 

t 

seen  that  the  central  force,  between  oyl  Imlnro  in  n  function  of, 3  and 
W.  Np  Ng,  and  Ni  are  also  f'lnrtiono  oi  /f  .'tml  W. 
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DEPARTMENT  OF  DEFENSE 
WASHINGTON  HEADQUARTERS  SERVICES 

1  1  55  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-1  155 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

(ATTN:  WILLIAM  B.  BUSH)  AUG  1  2013 

8725  JOHN  J.  KINGMAN  ROAD,  STE  0944 
FT.  BELVIOR,  VA  22060-6218 


SUBJECT:  OSD  MDR  Cases  12-M-3144  through  12-M-3156 


At  the  request  of  I 


Review  of  the  documents  in  the  above  referenced  cases  on  the  attached  Compact  Disc  (CD) 


under  the  provisions  of  Executive  Order  13526,  section  3.5,  for  public  release.  We  have 
declassified  the  documents  in  full.  We  have  attached  a  copy  of  our  response  to  the  requester.  If 
you  have  any  questions,  please  contact  Ms.  Luz  Ortiz  by  phone  at  571-372-0478  or  by  e-mail  at 
luz.ortiz@whs.mil,  luz.ortiz@osd.smil.mil,  or  luz.ortiz@osdj.ic.gov. 


mjL^ — 


Robert  Storer 

Chief,  Records  and  Declassification  Division 


Attachments: 

1 .  MDR  request  w/  document  list 

2.  OSD  response  letter 

3.  CD(U) 


April  26, 2012 


Department  of  Defense 

Directorate  for  Freedom  of  Information  and  Security  Review 

Room  2C757 

1155  Defense  Pentagon 

Washington,  D.C.  20301-1 155 


Sir: 

I  am  requesting  under  the  Mandatory  Declassification  Review  provisions  of  Executive  Order 
13291,  copies  of  the  following  documents.  I  have  tried  several  times  to  acquire  them  through 
DTIC,  but  the  sites  stated  they  are  not  available. 

I  am  conducting  research  into  the  previous  methods  used  to  disseminate  biological  agents.  Many 
source  I  use  to  have  access  to  have  been  deleted  from  the  internet.  On  numerous  occasions  I 
have  been  informed  that  formerly  classified  information  that  was  declassified,  have  now  become 
classified  again  (since  911).  My  attempts  to  locate  such  Executive  Orders,  regulations,  laws,  or 
other  changes  to  this  question  have  not  successful  nor  revealed  a  specific  source.  As  such  I 
would  appreciate  any  information  you  can  shed  on  this  question. 

Documents  requested. 

AD  348405,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare) Agents  Quarterly 
Progress  Report  Number  14, 4  Sept  -  4  Dec  1963,  G.  R.  Whitnah,  February  1964,  General  Mills 
Report  number  2512,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  1 8064  CML 
2745,162.pages.  Prepared  for  U.S.  Army  Biological  Laboratories,  Fort  Detrick,  Maryland. 
Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills.  Project  No  82408 
General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  I3>Iinnesota. 

AD  346751,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  12,  March  4  -  June  4,  1963,  G.  R.  Whitnah,  July  1963,  General  Mills 
Report  number  2411,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  18064  CML 
2745.  184  pages.  Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills. 
Project  No.  82408.  General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  13 
Minnesota.  ’ 

AD  346750,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  13, 4  June  -  4  Sept  1962,  G.R.  Whitnah,  October  1963,  General  Mills 


'■  Number  DA  18064  CML 

SS^H V  “'  !S5“ief.'W 

DA  1 8064  CMLTOS  IS  pages  ’  ^N-  Contract  Number 

Number 

|S3yisr?i“ir,'js*rSr  o?as‘.» 

DriS0*4(mu45  MN.C™«  NujnW 

AD  329067,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  ;  X-AA  ?/  C7S 

General  Mdls  Inc  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745  103  pages 

and  Development  Office,  2003  East  Hennepm  Avenue,  Minneapolis  13,  Minnesota. 

^  327072,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  /P-AA  lfS7 
Propss  Report  Number  Five,  4  June  -  4  Sept  1961.  by  G.R  Whitnah,  NoveSr  l^ToetS^^ 

CML  2745.  Minneapolis,  MN,  Contract  Number  DA  1 8064 


Mrs;«s  rss  I'jriTimSS" 

rjAn-j  Cor.4  u  •  A  Mills  Electronics  Group,  Research  Dent 

2003  East  Hennepin  Avenue,  Minneapolis  1 3,  Minnesota.  225  pages.  ^ 

AD  324746,  Dissemination  ofSolid  and  Liquid  BW  (Biological  Warfare)  Agents  Progress 

2125  General  Whitnah,  October  1960,  General  Mills  Report  N^ber  ^  ^ 

2125,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745.  78  pages 

f  (Biological  Warfare)  Agents,  Quarterly  )Z-AA-3)S^ 

oZra  M^p  Tm'  '^^0,  by  G.R.  Whitnah!  February  lOb!, 

da  18064  CML^2745  ^9  m’  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number 

ofpa^enL  ^003  Fat  H  division  of  General  Mills,  Inc.,  Research 

epartment,  2003  East  Hennepin  Avenue,  Minneapolis  13,  Minnesota. 


AD  323598,  Dissemination  of  Solid  and  Liquid  B  W  (Biological  Warfare)  Agents,  Quarterly  Sf 
Process  Report,  for  penod  4  Dec.  1960-4  March  1961,  by  G.R.  Whitnah,  May  1961,  General 

07??  Minneapolis,  MN,  Contract  Number  DA  18064 

LML  2745.  95  pages. 

(Biolosical  Warfare)  Agents,  Quarterly  a-M-ZISH 
Progress  Report  No.  10,  penod  Sept.  4, 1962  -  Dec.  4, 1962.  G.R.  Whitnah,  Project  Manager, 

Approved  by  S.P.  Jones,  Aerospace  Research,  February  1963.  247  pages. 


Sincerely 


